
LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 
5 The present invention relates to^ liquid crystal 

displa^^evice ,^ particularly , to^liquid crystal display 
devicej^a viewing angle (of) which is widened^ and flight 
utilization efficiency jo£j which is improved by re- 
utilization of light using polarizing conversion and 
10 polarizing wave length selectivity. 

Currently , /technical advancement in liquid crystal 
displa^fdevic^, particularly in color liquid crystal 
display^ (devic^, is significant , [and|jdisplay devices 
having jthe| almost/ same image quality as^CRT have been 
15 realized. The liquid jcrystal display device has /been] 
(enlarging it §h commercial market based onA features QfJJ** 0 
thinness , (ligh^ ^weight , and low [consumingj powe^. 
However f the liquid crystal display itself is still 
inferior to/CRT in display performance^ such asy\moving 
20 image display , viewing angle , and color reproduction. 
Therefore , the liquid crystal display deyicp still has 
(Issues to improve^ its disj^_^y ^perfo^aance^ as well as 
Qiecreasinq^its production cost|. 

The direct view /Jtype color liquid crystal display 
devices [occupy ingj^the present market can be divided 
roughly into two types , i.e. an active matrix driyen 
liquid crystal display device using TFT (thin film 
transistor) and a multiplex driven STN (super twisted 
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nematic) liquid crystal display device. In (accordance} 
(with^ both of these display devices, polarizers are 
arranged at both sides of an element , which is composed 
of a liquid crystal layer held by glass substrates, and/y 
display is £perf ormed^ by modulating [^^polarization of 
linearly polarized light. 

In the liquid crystal display device using the TFT, 
a TN (twisted nematic ) mode is a representativ^jonel. 
However, both of the TN and STN modes have a narrow viewing 
angle, and other problems* such as image reversal in^ 
grayscale display and/multicolor display, andy\decrease 
in contrast ratio. 

As a^viewing angle(widening mode) using the TFT, various 
viewing angle widening modes^ such as a VAN (vertical 
15 aligned nematic) mode, an IPS (in-plane switching) mode, 
and others^ are used. In {accordance with} the above VAN 
and IPS modes for widening the viewing angle, grayscale 
reversal depending on viewing angle is scarcely generated, 
but color shift and/decrease in contrast ratio are 
20 generated . 

A method using a composition of yicollimated light 
source and a screen arranged on^ liquid crystal display 
element has been disclosed in PCT/US94/73 69 as a /priori 
ferthfor realizingfvdisplay with a widened viewing angle. 
Regarding screen technology (o ^widened viewing angle, a 
method is disclosed in USP 2,378,252. 

Conventional liquid crystal display (device displays)^ * 
images by controlling polarized light (of transmitted] o$fi**~^ 
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lightpyfrom an illumination device. In^s^^a^ngyii^g^rt^ 
loss (ofjj(a color liquid crystal display device,jthe light 
loss by fa^polarizerjis approximately 60 %. In(a]^case of^j 
color display, the color filter loss in a display device 
5 provided with plane-divided color filters is equal to or 
more than 70 %. Approximately 88 % of light is lost by 
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farranging\the polarizer and the color filters. 
Accordingly even if the light loss generated/b^any other 
reason is^emove3},£pro*jected light from the illumination 
device can be utilized Jonly approximately 12 %j because 
of the absorption loss by the polarizer and the color 
filters. 

On the other hand, demands for the liquid crystal 

display devLaepf note-type personal computer are not only . 

thinness and ^igh€)y(wei^^t , but also low (consuming^ powery 



and high brightness in /display. Furthermore, a demand 

A 

yy(of decreasing consumingjpowei^for the display o^desk top 

' &\ 
computer andAwork station is high. Accordingly , 

decreasing^consuming^power^of the liquid^rystal display 

20 device is indispensable, in addition to^widening^the 

viewing angle^ 

Regarding the above issues, methods for decreasing the 

absorption loss of the polarizer and color filter in order 

to realize (^improvement in brightness are disclosed in 

25 JP-A-6-130424 ( 1994 ) ^d^JP-A-6-167718 (1994). In 

accordance with(the abov^me^hods , the efficiency of light 

utilization i^^aiproved^it^re-utilizing reflected light 

by controlling/^ref lection-transmission of circular 



25 



polarized light in a specified direction of a specified 
wavelength byja cholesteric liquid crystal layer in order 
to utilize the light of the specified wavelength 
efficiently. 

5 In order to realize (thS^ improvement in brightness, a 

method relating to the polarizing conversion using a 
cholesteric^liquid crystal is disclosed in JP-A-3-45906 

(1991). prior artj, wherein a composition using a 

(pr\ 

cholesteric filter [to} a back light composition, is 
10 disclosed in jp-a-7-36032 (1995). 

FIG. 32 jlndicatesfra cros ^{sectional structure)o^(liquid 
crystal display having a widened viewing angl^ disclosed 
in (the prior art, i.eTl PCT/US94/7369 . The display Uas 
a problemyythat the Consuming) power^of the back light (Is)/\ 
15 significantly increased for obtaining a [more brigh^L^^fc 
display, because the transmission factor of the screen 
is lowj in addition to (complexity in the collimating 
structure and the screen structure. The liquid crystal 
display element comprises^; a compos it ion y ^where in a 
20 liquid crystal layer 13 is interposed between two 

transparent substrates 1XA* 11B, and two polarizers are 
arranged^at both sides c^f^themj ( not shown in th^ f^g^r e • 
(i^screen 10AA (comprising^ transparent portions in^a 
quadrangular pyramid atfdisplaying.plane side and black 
absorbing bodies covering/ intervals^^of them; and aj 
collimated illumination device, comprising lamps 51 

J A 

provided at both sides of a waveguide, and transparent 
mediay\in^a quadrangular pyramid^adhered onto the waveguide. 
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In [accordance witR) the liquid crystal display device [ofj^*//^ 
the above structure ^decrease in resolution^ by thickness 
of the substrate 11 is suppressed by the collimated 
illumination device , the viewing angle of which is widened 
5 by the screen 10AA. In order to obtain a high resolution 
with the above structure ^of the prior ar^, a strict 
collimation is required for the back light depending on 
the thickness and the index of refraction of the 
transparent substrate 11A. Simultaneously, fmore) * ^^t^ 
10 [decreasing! the(consumingf power f [moreWidening^the viewing 
angle, and improving more\the resolution are required. 

It has been understood that^ increase in^ input power to 

LX^° crv\ 

the lamps EEnf luenceslian undesirable ef f ectftcfothe display, 
such as^increase in the temperature fby\i heating (for 
15 instance ,^being ay_nferior image quality[7^shortening^lif e 
of the lamp)* in addition tojincrease in the ^consuming} 
poweijt* 

In (accordance with) the structures disclosed in 
previously described JP-A-3-45906 (1991) and JP-A-7- 

20 36032 (1995) for improving the efficiency of light 

utilization, the reflected light is re-utilized using the 
cholesteric liquid crystal operating as a reflective 
polarizer. On the other hand, a light control element 
is used for the liquid crystal display o^the note type 

25 personal computer in order to improve (^brightness at a 
normal angle toward^ display surface with a decreased 
(consuming) powe^j. As the light control element used most 
generally, BEF (commercial name) of^3M Company^can be} 
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^ (example^. In the light control element described above , 
the illumination device has a directivity at a normal 
angle toward a display surface in order to obtain a highly 
bright display with a low {consuming) poweiy. However , in 

_ Winter a JJUfcAj-r_o> jfcj 

Accordance with) the abov<^[prior ar^, ^n^;effi^ncy of/ 
polarizing conversion has not been considered,^ when these 
light control elements are used for improving the 
brightness at a normal angle. Furthermore, fany)"#^/ 
efficiency of J( polarizing conversion has not been 
cons iderecQ when the light control/ (el emen€) are used. 

In the light control element, a film having stripes, 
the cross section of which is a triangle shape, is used. 
Generally, PET (polyethylene terephthalate) is used as 
the material for the film, and has a biaxial birefringence. 
15 Accordingly, when its optical axis is shifted from the 
incident angle of incident linearly polarized light, the 
polarization is changed, and, as the result f ^ decrease[o^/^ 
the efficiency of Apolarizing conversion^ [is caused^. 
Furthermore, it was found that the efficiency of the 
20 polarizing conversion Was decreased if two light control 
elements were^used in a manner intersecting) at right 
angles . ^^p^^ 

Compositions for decreasing the (absorbing) i loss by^ 
color filter and^ improving the efficiency of light 
25 utilization are disclosed in previously described^^- 
A-6-130424 (1994) and JP-A-6-167718 (1994). (Featur§lpf 
the above compositions (are inj^jj^ arrangement ofy\ color 
selective layer atj,outside and ^inside of the substrate. 
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{The compos it ions^of thejj>rior artjjare indicated in FIG. 
37 and FIG. 38. In accordance with the structure 
indicated in FIG. 37 , a liquid crystal 503 is interposed 
between glass substrates 501 , 504, a selective layer 500 

5 is arranged at^ projection side, a cholesteric layei^£>0t), 
i.e. a color selective layer, and a filter layer 505 are 
arranged atyy incident side, and a light source 507 and 
a reflector 508 are arranged at rear js^^e^j^^ 
cholesteric layer 506. In a case ofy(the composition), 

10 wherein the cholesteric layer 506, i.e. the color 

selective layer, is arranged [a t) outside of the glass 
substrate 504,as indicated in FIG. 37 /the projected light 
510 viewed at (a normal^angle (of^display surface does not 
have any problems k such as mixing^colors in (Sisplaying) *v 

15 colo^ r because the projected light passes through a pixel , 
wherein the cholesteric layer 506 and the liquid crystal 
503 are ^same (a region displaying the same color). 
However, in a case|when anjjobliquely projected light 509^ 
viewed at an oblique angle, for instance, the light 

20 transmitted through a red (or green, blue) color selective 
layer 506 is controlled by a modulating^signals of) green 
(or blue), i.e. an adjacent pixel. Accordingly, when 
viewing at an oblique angle, £a right^ color is not 
necessarily displayed depending on the viewing angle, 

25 because of the thickness of the substrate 504 (generally 
the thickness of the glass substrate is 1.1 mm, or. 0.7 
mm, and the pixel pitch is approximately 100 fJL m) . 

In order to avoid the influence of the thickness of 
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the glass substrate 504 , [a compos it ion^wherein the color 
selective layer 512 and a retardation film 511 are 
built-in has been [disc^sedjj(as indicated in FIG. 38. 
Other constituents are j^s^ same as [the compos itionj M*** 
5 indicated in FIG. 37. However, any (of the problem] p^^ 1 - 
concerning the) oblique incidents relating to the 
characteristics of the light source (has^not been 
considered. In (accordance withj th^J^mpositic^^^^ ^ 
indicated in FIG. 38, the display is [performed with]/ ^ 

10 controlling the polarization to the liquid crystal layer 
503 by the color selective layer 512 and the retardation 
film 511, and controlling the polarization by the liquid 
crystal layer 503. However, the cholesteric liquid 
crystal layer used as the color selective layer 512 has 

15 an undesirable degree of polarization to the oblique 
incident light, andcmoreover , unnecessary 1 ight leakage 
of color is generated. That means/; against\the oblique 
incident light , ^polarization other than a desired 
polarization is generated, leakage of /c olo r other than 

20 a desired color is generated, and [depress ion)jin display 
quality represented by decreases in contrast ratio, color 
reproduction^ and viewing angle characteristics (is) 
^^nerate^^^F^rth^ any uses of the polarized light 

effectively (1^ notj considered at all. 
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SUMMARY OF THE INVENTION 



One of the objects of the present invention is to 
provide a liquid crystal display device^capable of 
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displaying in)^a wide viewing angle^with a low Consuming] 

power /- a~** 

jotherj^one of the objects of the present invention is 
to provide a liquid crystal display device having a high 
5 brightness with a high polarizing conversion efficiency 
by specifying^optimum^xes^arrangement of a light control 
element and a polarizer , when the light control element 
is u^l^ed^or improving brightness at a normal angle. 
{otherYone of the objects of the present invention is 
10 to provide a liquid crystal display device j capable of 
realizing improvement of the efficiency of light 
utilization and the brightness at a normal angle by using 
a waveguide, which is capable of maintaining polarization 
of light ^reflected from a reflective polarizer and of 
15 improving^ directivity * 

^Ot^iJ^pne^of the objects of the present invention is 



to provide a color liquid crystal display device having 

.f 



a wide viewing angle and a high display quality^ even if 



the display is viewed at an oblique angle^by eliminating/ 
20 deterioration in display quality (unclearness ) based on 
the thickness of the glass substrate and deterioration 
in display quality (decreased contrast ratio, 

deteriorated display color) at an oblique angle/; aiming), tfb^db^ 
decreasing the [absorbingj^oss by the polarizer and the 
25 color filters, and improving the efficiency of light 
utilization. - 

In order to realize the alcove objects, the following 
measures are used in^ the present invention. 
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A liquid crystal display device [compr is ingjj liquid 
crystal display elements for controlling polarized light , 
and an illumination device arranged at a rear side of the 
liquid crystal display elements; wherein a screen is 
provided (teethe liquid crystal display element, a 
reflecting means is provided jtoj^the illumination device 
^at a rear side], and a light control means and a reflective 
polarizing selection means are provided between the 
liquid crystal display element and the illumination 
deviceQ^Ls composed^that the polarized light transmission 
axis of the reflective polarizing selection means is 
arranged so as to make the polarized light transmission 
efficiency of the projected light from the illumination 
device high. 

Furthermore, the liquid crystal display device is 
composed so thatj; alj direction of the longitudinal axis 
offypixel of the liquid crystal display element is 
approximately in parallel with the polarized light 
transmission axis of the reflective polarizing selection 
means; the polarized light transmission axis is 
approximately in parallel or approximately perpendicular 
with an optical conversion axis of the light control 
means; the light projected from the illumination device 
is strongly directed at least in a direction o^minor axis 
of the pixel; and the screen has a function^jpo broaden 
the projected light at least in a direction o^ minor-axis 
of the pixel. 

Furthermore, the liquid crystal display device is 
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composed in a manner^ that the screen absorbs external 
lightQand transmits the light projected from the 
illumination device • 

Furthermore, the liquid crystal display device is 
desirably composed in a manner^ that a birefringent medium 
is arranged at a rear side of the light control means by 
using the reflective polarizing selection means, which 
transmits linearly polarized light and reflects other 
linearly polarized light perpendicular to the above 
transmitted linearly polarized light. 

Furthermore, the liquid crystal display device is 
composed in a manner^that the birefringent medium is 
arranged in a direction £of) approximately 45 degrees to 
the polarizing axis of the reflected light so that the 
birefringent medium operates {as anj approximately^ a 
quarter wave plate. 

The illumination device is composed so that the 
polarizing conversion efficiency is increased by 
maintaining the polarized light reflected from the 
reflective polarizer in the illumination device, and the 
directivity at all azimuth^ is enhanced by increasing the 
directivity at least in an axial direction and (usingj 
concurrently^ the light control element. In order to 
improve the brightness at a normal angle, the illumination 
device^ comprising a flat plate shaped waveguide^J and a 
light source arranged |adjacently) in the vicinity of the 
waveguide, is composed so that the light projected from 
the light source is transmitted through the waveguide£j 



12 



10 



and^pro jected through a light projecting plane of the 
waveguide; the light projecting plane of the waveguide 
is provided with a reflecting plane composed of fine 
declined planes having a large number of concave planes, 
convex planes or steps at its rear side; the reflecting 
plane is mirror-finished at least at the declined plane 

r- 

portion; and the reflector is provided (to^the rear plane 
of the waveguide directly or via an air layer. 

Furthermore , a reflective color selection means 
corresponding tojth^pixel of the liquid crystal display 
is arrangedjTjas a composition for improving the efficiency 
of the light utilization. 

Furthermore, the screen is composed so that the 
oblique incident light is absorbed efficiently, and the 
15 incident light at the normal angle is transmitted 

efficiently. Particularly, the transmitted light at a 
normal angle from the liquid crystal display element is 
transmitted through a small aperture by refraction of 
light, and the oblique transmitted light is absorbed. The 
20 screen is composed in a manner of being covered with an 
absorbing material which absorbs most of /external light 
when the screen is viewed from the front display plane 

{Functions^ f eachjjnembers gxe^pxplained hereinafter. 
25 The light reflected from the stripe grooves on the rear 

plane of the waveguide has a high polarized component in 
the stripe direction, and the efficiency can be improved 
by (coincidi'ngj^the stripe direction^with the polarized 
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light transmission axes of the reflective polarizer and 
the incident side polarizer of the liquid crystal display 
element. The transmission efficiency can be improved 
further by [coinciding withj^tripe direction of the light 
control element^. Generally , the light control element 
desirably does not have any birefringence, but even if 
any birefringence exists, the efficiency can be improved 
by (coincidingljits optical axis^with the polarizing axis 
of the transmitted light or^utilizing its birefringence 
for operating as a retardation plate. 

The display is perf ormed by controlling tjie polarizing 
condition of the polarized light (transmit tinght he liquid » 
crystal layer by controlling the {orientating condition]^ 
of the liquid crystal layer. The absorption type 
polarizing selection means is a so-called linear 
polarizerj^of absorbing unnecessary polarized light for 
transmitting one of ^linearly polarized ^lightsj 
intersecting in right angles each other and absorbing the 
other^linearly polarized light, or a so-called circular 
polarizer/^of absorbing unnecessary polarized light for 
transmi^jj^ polarized^^ightsj and 

absorbing (Snoth^^^ polarized light. The 

reflective polarizing selection means is a linear 
polarizer^Jof reflecting unnecessary polarized light for 
transmitting a part of linearly polarized light 
intersecting, for instance, (In^right angles/ each other 
and reflecting the rest of the linearly polarized light, 
or a circular polarizer^of reflecting unnecessary 
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polarized light^f^r transmitting^part of the circularly 
polarized (lightsjjand ref lectingjfrest of the circularly 
polarized light. The reflective color selection means 
is a so-called color filter reflecting polarized light 
in an unnecessary [region ofjwavelengthj, which transmits 
a part of linearly polarized light (or circularly 
polarized light) having a specified wavelength (for 
instance , a center wavelength of 550 nm ± approximately 
40 nm) and reflects linearly polarized light (or a 
circularly polarized light) [^aving^other ^region of) 
y/avelengtfy. More details will be explained later 
^|ref erring to^ embodiments , but the reflective color 
selection means utilizes selective reflection of 
cholesteric layer and characteristics of /multilayered 
15 dielectric film. Generally, because the color selection 
means utilizing such selective ref lectioi^of the 
cholesteric layer and characteristics of/multilayered 
dielectric film has a large viewing angle dependence , 
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coloring material absorbing light other than the desired 
transmitting light/^can be mixed or laminated. 

The screen is a means for diffusing or difracting 
incident light^such as, for instance, an arrangement of 
beads or rod lenses, the projection side of which is 
covered with a black absorbing material, or a scattering 
25 medium having a hologram or non-uniform index of 
refraction. The screen desirably maintains the - 
polarization of the polarized lightjTj and has a role to 
make the viewing angle wide by broadening the projected 
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light having a high collimation from the illumination 
device at the projecting side of the liquid crystal 
display element • Furthermore , the screen operates to 
absorb external light efficiently. A means for 
increasing collimation of the projected light (asj^the 
illumination device comprises , for instance, a wedge 
shaped waveguide having stripes of microgrooves at its 
rear plane, and an arrangement of A lens sheet having 
stripes of triangle shapes intersecting with stripes of 
grooves as the light control means on the waveguide. 
Thereby, the projected light having a high collimation 
in a direction perpendicular to the direction of the 
stripes can be obtained by the stripes of the microgrooves 
of the waveguide, and * furthermore, the collimation in a 
direction intersecting k the above projected light can be 
improved by th^jfunctionjof the lens sheet. Accordingly, 
the illumination device having a high collimation at all 
azimuth /can be obtained. 

When the collimated light from the illumination device 
is undesirable, the problems caused by unclearness of the 
displayed image and^mixing^colors are as indicated in the 
embodiment shown in FIG. 37 and FIG. 38. Therefore, the 
collimated light from the illumination device is 
important for obtaining /clear image display. Using the 
liquid crystal display element indicated in FIG. 39, 
necessary collimation of the light source was 
investigated. First, in accordance with the present 
invention, a jcompositionj^is composed by arranging the 
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liquid crystal layer 13 between the transparent 
substrates 11A, 11B, at the projection side of which, the 
absorption type polarizing selection layer 14A^an^the 
screen 10 are arranged; and, at the incident side|of which^, 
5 the retardation film 71, i.e. a reflective color selection 
layer 70, and cholesteric layer 72 are arranged. Here, 
the thickness llAt, llBt of the transparent substrates 
11A, 11B are [made) both t, the pixel pitch is [made) d , jfa 
incident angle 43 0 of the incident light to the liquid 

10 crystal display element 20 is expressed by 6 lf ^incident 
angle 431 of the incident light to the transparent 
substrate 11B is expressed by 0 2 , and the index of , 
refraction of the transparent substrates 11A and 11B are^ 
expressed {both) ^n. Here, three pixels of R, G, and B are 

15 ^gathered) to form a picture element. Generally, one pixel 
had a ratio of vertical direction to lateral direction 
of 3 : 1, and the short side of the pixel was designated 
as the pixel pitch d. The color mixing and the unclearness 
based on the thickness of the substrate by oblique 

20 incident light must be restricted in at least two pixels 
at an angle where the brightness is 1/2 of the peak 
brightness. Otherwise, the displayed image becomes 
unclear. Accordingly, the incident angle 0 1 of the 
incident light must satisfy the following equation (1). 

25 ' 

0 1 ^ sin-^n^sinftan" 1 (2d/t))) •••-<!) 



Assuming that the refractive index of the transparent 
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substrate n = 1 . 53 ,^ thickness t = 700 ju m, and the pixel 

pitch d = 100 JUL m, the incident angle 6 x of the incident 

light must be equal to or less than 24.9 degrees. 

Otherwise, the incident light (overlapped^ with pixels of 

<\ & 
5 other colors, andjdecrease of the image quality, such as/ 

mixing^colors, unclearness, and the lik^jarej generated. 

Accordingly, the collimated light from the illumination 

device must be in Jthe)angular range which satisfies the 

condition (1) with at least a half width (an angular range 

10 of brightness which is 1/2 of the peak brightness).. 
Therefore, with the transparent substrate and pixel used 
in the present embodiment , ^equal to or less than 24.9 
degrees is necessary. The screen desirably absorbs the 
oblique incident light effectively to suppress/ decrease 

15 in resolution. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross section of the liquid crystal display 
device (Indie a ting^an embodiment of the present invention^] j 
20 FIG. 2 is a cross section of the screen applied to the 

liquid crystal display device of the present invention^'] j 

FIG. 3 is a cross section of the screen applied to the 
liquid crystal display device of the present invention^*] j 

FIG. 4 is a plan view of the screen applied to the liquid 



crystal display device of the present inventionfp y 

FIG. 5 is a [part iallyfy exploded view of the liqjiid 
crystal display device (indicatingj^an embodiment of the 
present invention^] j 
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FIG, 6 is a cross sectional view of the liquid crystal 
display device [indicating^ an embodiment of the present 
invention^ 

FIG, 7 is a cross section of the illumination device 
5 {indicating}; an embodiment of the present invention^! j 
FIG. 8 is a cross section the illumination device 
(Indicating)/ an embodiment of the present inventior^^j 

FIG. 9 is a cross section of the illumination device 
^dicatingjjan embodiment of the present invent ionp^j 
10 FIG. 10 is a cross section of the reflective polarizer 

applied to the liquid crystal display device of the 
present invention^ ^ 

FIG. 11 is a cross section of the reflective polarizer 
applied to the liquid crystal display device of the 
15 present invention^ 

FIG. 12 is a cross section of the reflective polarizer 
applied to the liquid crystal display device of the 

present invention^* jL*^-y\^>^ 

FIG. 13 is a [cross sectional illustrationj^indicating 
20 an operation of the liquid crystal display device of the 

present inventiorf,); . 

FIG. 14 is a (cross sectional illustration)^Lndicating 

an operation of the liquid crystal display device of the 

pr es ent invent ionp) ' 
25 FIG. 15 is a ^ross sectional illustration^indicating 

an operation of the liquid crystal display device of the 

present inventior^/) » Ju>^j^>^ 

FIG. 16 is a [cross sectional illustration) ^indicating 
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an operation of the liquid crystal display device of the 
pr es ent invent ion[T| j 

FIG. 17 is a cross section of the liquid crystal display 
device (Indicatingtan embodiment of the present invention^] i 

FIG. 18 is across sectional illustrationj^Lndicating 
an operation of the liquid crystal display device of the 
present inventionQ) 

FIG. 19 is across sectional illustrationj^indicating 
an operation of the liquid crystal display device of the 
present inventionf)^ 

FIG. 20 is aQpartially^exploded view of the liquid 
crystal display device ^ndicatingj^an embodiment of the 



present invent ion£)j p^Jfcu) 



FIG. 21 is a jpartiallyhsectional perspective view of 
the illumination device ^uidicating^an embodiment of the 



present invent ionJ7}j 



FIG. 22 is a (partiall^sectional perspective view of 
the illumination device £ndicating^an embodiment of the 
present invention£)j 

FIG. 23 is a (partially} sectional perspective view of 
the illumination device ^ndicatingj^an embodiment of the 
present invent ior^Jj 

FIG. 24 is a jpartiallyhsectional perspective view of 
the illumination device (IndicatingJ^n embodiment of the 
present invent ion^jy 

FIG. 25 is a cro ss s ection of the liquid crystal display 
device (Tndicating^an embodiment of the present invent ion£/]j 
FIG. 26 is a cross section of the liquid crystal display 
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device indicating an embodiment of the present invent ion£T]i 

FIG. 27 is a cross section of the liquid crystal display 
device jLndicatin3|ian embodiment of the present invention/^") » 

FIG. 2 8 is a ^perspective illustration^ ^indicating an 
5 operation of the screen applied to the liquid crystal 
display device of the present inventionfT] ' 

FIG. 2 9 i^[a}perspectiv^(Tllustration\ of the liquid 
crystal display device (^ndicatingjjan embodiment of the 
present inventioi^jj 
10 FIG. 3 0 is a graph indicating characteristics of the 

illumination device of the present inventioi£7)j 

FIG. 31 is a graph indicating characteristics of the 
illumination device of the present inventior^J 1 

FIG. 32 is a cross section of [thejjconventional liquid 
15 crystal display device/^*) > 

FIG. 33 is ajcross sectional illustratioRj^indicating 
an operation of the conventional liquid crystal display 
device/^ \ . 

FIG. 34 is ajcross sectional illustration^ indicating 
20 an operation of the conventional liquid crystal display 
device£]j 

FIG. 35 is a partially exploded view of the 
conventional liquid crystal display device^ 

FIG. 3 6 is a partially exploded view of the 
25 conventional liquid crystal display devicq£) ' 

FIG. 37 is across sectional illustration) indicating 
an operation of the conventional liquid crystal display 
device^} * 
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FIG. 38 is a ^ross sectional illustrationj^indicating 
an operation of the conventional liquid crystal display 
devicetYand . 

FIG. 39 is across sectional illustration^indicating 
a composition of the conventional liquid crystal display 
device. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fxrst, the illumination device [i^explainedl,] 
hereinafter. 

The illumination device is called |a£^ a back lightQ and 
jthe illumination device^ can be classified roughly into 
two/^kindi^, i.e. j^direct-below type back light and 
edge-light type back light. The direct-below type back 
light is composed so that light sources are provided 
inside the illuminating plane. On the other hand, the 
edge-light type back light is composed so that light 
sources are provided outside the illuminating planeC the] 
waveguide , i.eAthe illuminating plane , is made of A 
transparent acrylic resin and the lik^j cylindrical 
light-sources^ such as fluorescent lamps (cold-cathode 
discharge tube, or hot-cathode discharge tube) and the 
like are arranged at one-side or two sides of the waveguid^J 
and lamp covers composed of reflectors are arranged /at^ 
outside of the light-sources f oiy^propagatingj light ^Lnto 
the waveguide. The edge light type back light is 
effective for (thejjiliquid crystal display device^required 
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to be thin, and the direct-below type back light is 
effective for Jthejjliquid crystal display device^required 
to be lightj) weight^) and/small frame. 

The edge-light type back light has been mainly used 
for the conventional liquid crystal display A device, and 
the waveguide is (composed of being applied witQwhite ink^ 
at its rear plane in order to obtain homogeneity in the 

plane. Furthermore, in order to improve the efficiency 

Ok 

of the light utilization, (thej^ref lective polarizer is 
usecf; the\j reflective polarizer is^such as (th^polarized 
light separator [by^ dielectric multilayers^ disclosed in 
USP 5,486,949, and "SID92 Digest" pp.427 , (anc|cholesteric 
film quarter wave plate/disclosed in JP-A-7-36032 ( 1995 )£/J 
and "Asia display 95" pp. 735. Hereinafter, the former, 
i.e. the polarized light separator (b^j[ dielectric 
multilayers, [is)jcalled a reflective polarizer type 1, and 
the latter, i.e. the cholesteric film quarter wave plate, 
(L^ ^called a reflective polarizer type 2 . 

S polarized light, which indicates a polarization 
of [a) light, is [the] polarized light perpendicular to the 
incident plane (the incident plane means a plane formed 
by |arJ} incident light andean} incident normal (on}rthe boundary 
plane), and P polarized light is (the) polarized lighten) 
parallel to the incident plane. 

Assuming an incident angle 6 when incident light^f rom 
medium N 0 to medium N x at a boundary plane of a transparent 
medium having an index of refraction N 0 and a transparent 
medium having an index of refraction N x , it is well known 
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that/ when J tangent of the incident angle 0 is equal to 
N x / N 0 tan ^ = N i / N o )/ no reflective component 

exists inJP polarized light , all the reflection light 
becomes S polarized light, and the transmitted light 
5 (Becomes^ rest of the S polarized light and the P polarized 
liyght. The incident angle {at)j[the above case is called 
\a)| Brewster angle. A reflective polarizer capable of 
transmitting only the P polarized light and reflecting 
the S polarized light by controlling the phases of^kj 

10 respective type of the polarized light can be manufactured 
by utilizing the Brewster angle , laminating various media 
having different indexes of refraction/ each other , and 
controlling f thickness of the laminated film with a 
wavelength order. 

15 Examples of the reflective polarizer type 1 are 

(Indicated^ in FIG. 10 and FIG. 11. 

FIG. 10 {Indicates)^ reflective polarizer 31 formed by 
laminating a large number of layers [withj/yaligning their 
optical axes/^the layers include an uniaxial anisotropic 

20 transparent medium 31A having an anisotropy in the index 
of refraction and an isotropic transparent medium 3 IB. 
[Non-polarized)|lignt 14 i-e. anj incident flight to^the 
reflective polarizer 31 , only ajpart ofjlinearly polarized 
light 14l(whichjis transmitted through the polarizer, and 



(thej linearly polarized light 142 intersecting the 

.de- 
polarized light 141 (Iiiy^right angles is reflected.^ 

FIG. ll^flndicates) a structure^ wherein two kinds of 

prism shaped transparent media having different indexes 
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of ref ractionjeach other are laminated alternately. The 
reflective polarizer 32 transmits only the P polarized 
light 144^ and reflects the S polarized light 145 
intersecting the jaboveJ| polarized light (wit hjj right angles 
5 among they\ non-polarized light 143. 

The reflected linearly polarized light is converted 
to elliptically polarized light (including linearly 
polarized light and circularly polarized light) by^ 
retardation f ilm, when treated with a scattering film as 
10 a depolarizer , or (^retardation film to change the 

polarization of the light. Then, the light {is enteredjji^^ 
into the reflective polarizer again , j only one component 
of the linearly polarized light is transmitted,^ other 
component of the linearly polarized light intersecting 
15 (witli^right angles^rejref lected^andjback to the waveguide. 
Theoretically, almost all the light can be converted to 
[the] linearly:, polarized light and projected by repeating 
the above cycles. * 

However, because of theyjpresencej of absorption at 
20 various portions, practically, an arrangement ot^h 

retardation film operating as a quarter wave platejso ag^ j^jJr 
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to be a half wave plate after reciprocally transmitted)^ 
is desirable, in order to convert all the reflected 
linearly polarized^jLight to £t he) linearly polarized light 
intersecting (with} /right angles. 

On the contrary, FIG. 12 (Indicatej^an example of the 
reflective polarizer ,tvpe 2 . 

The structure j^itodicated) in FIG. 12 is {composed o^ofi**^** 
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laminating a cholesteric liquid crystal polymer 33A <xo 
disclosed in "Asia Display 95 Digest" pp. 735 onto a 
cholesteric liquid crystal polymer 33B having a pitch 
different from the £above} cholesteric liquid crystal 
polymer 33A^so as to indicate selective reflection in a 
visible wavelength region, in order to transmit 
circularly polarized light /Injja certain rotation in the 
non-polarized light 146 and to reflect other circularly 
polarized light 148 Jin th^rotation reverse to the above 
rotatioi^and^a^laminatingj quarter wave plate thereon in 



order to transmit the linearly polarized light 147 [in a) 
\directiori. t a 

[operation of the)/ref lective polarizer type 2 [ls)jto 
generate linearly polarized light in a direction by 
15 transmitting Ja] right-handed circularly polarized light 
(or a left-handed polarized light) , reflecting the 
left-handed circularly polarized light (or a right-handed 
circularly polarized light) , and processing the 
transmitted light with the quarter wave plate. On the 
20 other hand, the reflected left-handed circularly 

polarized light (or a right-handed circularly polarized . 
light) is further reflected by a mirror reflectory to be 
[a) right-handed circularly polarized^]^^ left- 
handed circularly polarized light ), ^transmitted through 
the reflective polarizer type 2Q and processed with the 
quarter wave plate. Finally, all the light is converted 
to (the} linearly polarized light. Even if the reflector 
is not [thi^jmirror reflector, the reflected light becomes 
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elliptically polarized light (including linearly 
polarized light and circularly polarized light), and 
enters into the reflective polarizer again. Then, only 
the right-handed circularly polarized light (or in a 

5 left-handed circularly polarized light) is transmitted, 
and the left-handed circularly polarized light (or in a 
right-handed circularly polarized light) is reflected to 
the waveguide. After repeating the above processes, 
almost all the light is converted to [thej right-handed 

10 circularly polarized light (or a left-handed circularly 
polarized light )J7^ and^ projected as linearly polarized 
light fin a direct ionjaf teiip^ocessed With the quarter wave 
plate. In accordance with the^resence) of/| no small 
absorption of light with the reflector, the reflector is 

15 desirably a mirror reflector, in order to convert all the 
reflected (Circularly polarized light in aj left-handed 
circularly polarized light (or a right-handed circularly 
polarized light) to(th«^ right-handed circularly polarized 
light (or a left-handed circularly polarized light). 

20 In order to clarify/differences in the composition and 

advantages of the liquid crystal display device of the 
present invention from ^that of) the prior A^t, (the}^ 
conventional liquid crystal display device;(is) explained 
hereinafter (referring]^ to FIG. 33 - FIG. 36. ^Jk^r^^^^ 

25 FIG. 3 5 is a partially exploded view [Indicating ja) A 

composition of a conventional edge-light type back light. 

The edge-light type back light in [accordance with| the 
(above compos it ion^comprises a waveguide 53 made of a piece 
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of transparent acrylic resin having white ink on its rear 

plants; a reflector 54 arranged on^ rear plane of the 
waveguide 53; a light source 51 arranged at least /one 
offside planes of^|ie waveguide 53; and a diffusion film 
5 56 arranged on the^ projecting plane of the waveguide 53 • 
As a component for increasing the brightness at a 
normal angle , light control elements 40 are arranged in 
parallel or perpendicular to the long side of the light 
source 51. To the liquid crystal display element 20, a 

10 TN mode having a 90 degrees twist is applied as the most 
general mode. The liquid crystal display element 20 is/ 
so-called normally white mode, wherein the polarizing 
axis 14BB of the lower polarizer is arranged so as to 
intersect perpendicularly with the polarizing axis 14AA 

15 of the upper polarizer. Accordingly, the transmission 
axis 31 of the polarized light at the reflective polarizer 
30 is arranged in parallel with the polarizing axis 14BB 
of the lower polarizer. That is, the direction^ of the 



stripes j41jof the light control element 40 (hereinafter, 
20 the direction, which an optical path intersecting 

perpendicularly with the above direction 41 is converted 
to, is called an optical path conversion axis of the light 
control element) is composed so as to intersect (wit h)l4 5 
degrees with the transmission axis 31 of the polarized 
25 light of the reflective polarizer 30. 

In (a") case (that) the reflective polarizer type 1 is^used ^ 7c , 

as the reflective polarizer 30 in the above composition,^ 
when the light 194 , which is non-polarized light, is 
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projected from the waveguide to the reflective polarizer 
31 , only a part of the linearly polarized light 195 is 
transmitted through the polarizer 31 , and the rest of the 
linearly polarized light 196 intersecting 

5 perpendicularly with the polarized light 195 is reflected 
by the reflective polarizer 31^ as indicated in FIG. 3^. 
It has been understood that the optical axis of the 
birefringence of the light control element 40 is in the 
direction of the light control axis. At that time, the 

10 reflected light 196, which is linearly polarized light , 
can not maintain its polarization and the linearly 
polarized light becomes elliptically polarized light 
based on the birefringence of the light control element 
40 , because the direction of the polarizing axis forms 

15 an angle of 45 degrees with the light control element 40. 
The elliptically polarized light becomes non-polarized 
light 197 (by)jan optical diffusion with the white ink on 
the rear plane of the waveguide and the diffuser 56 , and 
[reflection witfi)jthe reflector 54. Accordingly , only a 

20 component in parallel with the polarized light 

transmission axis of the reflective polarizer 31 is 
transmittedQand becomes linearly polarized .transmitted 
light 195A, which is [the^ polarized [light as)/\same as the 
transmitted light 195. The reflected linearly polarized 

25 light 196A intersecting perpendicularly with the linearly 
polarized light of the transmitted light 195A becomes* 
non-polarized light 197A by the same processes as^the 
reflected light 196 , and further becomes linearly 
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polar ize^transmitted light 195B, which is [the| polarized 
flight aslisame as the transmitted light 195 and 195A by 
the same processes asjabove. Furthermore, the reflected 
light 196B becomes non-polarized light 197B by the same 
5 processes asj^the reflected light 196A. 

Theoretically, all the light can be projected after^ ' 
conv^r^ed^to the same linearly pola rized J Light by 
repeating the above processes. However, when the 
efficiency of the projected light from the liquid crystal 
10 display device was measured practically, it was found that ^ 
the amount of luminous flux was increased only 
approximately 30 % by the presence of the reflective 
polarizer 31. The direct reasons for the decrease in the 

efficiency can be assumed to be based on the absorption 

tk Sji 

15 by the reflector 54 , ^waveguide,; white ink,^dif f user , and 
^(otherj^, and further, on the transmission of unnecessary 



t unnecess 
tenessliof 



polarized light depending on the [Incorapleteness]j|of the 
reflective polarizer 31. That is, although the 
absorption ofj\[th<^ respective £nemberjj per each (of the] 
20 transmission and (Ehe) reflection is small, the polarizing , 
conversion can not be performed effectively by only(once}/ 
reflection with the conventional composition, ancfya large 
number of (Bepetition)iof the transmission and reflection 
are [per formed] ^for the conversion. Consequently, the 
absorption by the respect ivefmembers are^increased. That 
is, the fundamental reason for the decrease in the 
efficiency is based on^that, because the directionjof the 
stripes (4l}of the light control element 40 intersects by 
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an angle of 45 degrees with the polarized light 
transmission axis 31 of the reflective polarizer 30<as 
^mdicateS^in FIG. 35/ the linearly polarized light is 
converted to elliptically polarized light by the 
5 birefringence. Therefore , the conversion can not be 
performed effectively by only [once) reflection , andjthe 
polarizing conversion is performed by a large number of 
Repetition) of the ref lection * Accordingly , it is assumed 
that the efficiency of the polarizing conversion is 
decreased^by receiving} significant ly} the influence of (the) 
absorption ^fcr^jthe respective^memberl^. 

In Ja) case Jthat) the reflective polarizer type 2 is used ^ 
as the reflective polarizer 30 in the above compos it ion , / 
when the pro jec ted light 190 , which is non-polarized light , 
15 is projected from the waveguide , only a part of the 

circularly polarized light is transmitted and converted 
to (the) linearly polarized light 191 by the retardation 
film 33A £as indicated in FIG. 3j. The rest of the 
circularly polarized light 192 is reflected by the 
20 reflective polarizer 33. At that time, the reflected 
light 192, which is circularly polarized light, becomes 
elliptically polarized light, because the polarization 
can not be maintained based on the birefringence of the 
light control element 40. Furthermore, the reflected 
25 light 192 becomes non-polarized light 193 by optical 
diffusion with the white ink at the rear plane of- the 
waveguide and the diffuser, and (ref lectipn^ by the 
reflector 54. Accordingly, a part of the circularly 
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polarized light is transmitted through the reflective 
polarizer 33, .and converted to the linearly polarized 
light 191A ^a§)jsame^as the linearly polarized light 191 
by the retardation film 33A. The circularly polarized 
5 light 192A in a reverse rotation is reflected, and becomes . 
non-polarized light 193A by the same processes as j the 
reflected light 192. Similarly ,^191B, 192B, and 193B are 
obtained. 

Theoretically, all the light can be converted to the 

10 same linearly polarized light by repeating the above 
processes (witfiy this ^omposxtid^. However, when the 
efficiency of the pro jec ted light from the liquid crystal 
display device was measured practically, it was found that 
the amount of luminous flux was increased only 

15 approximately 30 %, (as same asjj|the case using the 

reflective polarizer type 1. The reasons can be assumed 
to be based on the absorption loss by the large number 
of [reflection as same asjjthe case of the reflective 
polarizer type 1 . In the case of the reflective polarizer 

20 type 2, it is assumed that the (reason^can be moderated 
by using^isotropic medium having no birefringence in the 
light control element 40, or^cirranging the retardation 
film so that the reflected light must intersect 
perpendicularly or be in parallel with the light control 

25 axis before entering into the light control element 40, 
because the circularly polarized light is reflected. 

Conventionally, a (compos it ionTJ^where in the light 
control elements are arranged so that each [of the} light 
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control axis intersects perpendicularly(each other a§^the 



light control elements 40 , 4 2 /indicated in FIG, 36, has 
been considered {as a composition) for /increasing [further] 
the brightness at a normal angle. In accordance with (the] 
5 |above compos it io^, the brightness at a normal angle can 

be increased by making a piece of light control element, oJ^h 
conventionally (It) has only one ^axis directiona^^ 5 ^ 
directivity (horizontal or vertical direction), have A ^ 
directivity at approximately all azimutty. 

10 The conventional edge-light type back light comprises 

a waveguide 53 made of a piece of transparent acrylic resin 
having white ink on its rear plane; a reflector 54 arranged 
on/ rear plane of the waveguide 53; a light source 51 
arranged at least/one of/ side planes of the waveguide 

15 53; and a diffuser 56 arranged on the^' pro jec ting plane 
of the waveguide 53 . The light control axis of each of 
the light control/^elemen^ is arranged in parallel or 
perpendicularly with the long side of the light source 
51. 

20 To the liquid crystal display element 20, a TN mode 

having a 90 degrees twist is applied as the most general 
mode. The liquid crystal display element 20 in this case 

AAA <\ 

isj\so-called normally white mode, wherein the polarizing 
axis 14BB of the lower polarizer is arranged so as to 
25 intersect perpendicularly with the polarizing axis 14AA 
of the upper polarizer. Accordingly, the transmission 
axis 31 of the polarized light at the reflective polarizer 
30 is arranged in parallel with the polarizing axis 14BB 
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of the lower polarizer • That is, the directionsyof the 
stripes ^1, 43] of the light control; gLement) 40, 42 are 
composed so as to be in parallel or intersect 
perpendicularly with the transmission axis 31 of the 

5 polarized light of the reflective polarizer 30. 

Even if the liquid crystal display device is composed 
asjabove, the efficiency of light utilization is increased^ 1 ^ 
only approximately 30 % by applying the reflective 
polarizer [as same aJj^FIG. 35 • In accordance with the above 

10 composition, in a case when the reflective polarizer type 
2 is used as the reflective polarizer 30, it is necessary 
to convert to the linearly polarized light by arranging 
the retardation film just before the light control element 
40. However, the efficiency of light utilization is 

15 increased only approximately 30 % {by applying^ the 

reflective polarizer type 1 is used. The reason for 
obtaining the above efficiency has been foundy\that the 
light control {elemental 40 , 42 are anisotropic media, and 
their polarization (are) changed if projective components 

20 of their optical axes are in parallel or perpendicular 
with the incident linearly polarized light. It has been 
found that the influence of the change in the polarization 
is small when [the number of the) flight control element is 
y\(on^, but when the number is two ,^h^ influence is enhanced 

25 in comparison with the case fofj^the number is one. The 
reason [to enhance) the inf luence/can be assumedjthat , jwhen 
the apex angle of the light control element 40 is 90 degrees , 
the perpendicularly incident light is not projected 
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because all the light is reflected, multi-reflection is 
repeated by using two pieces of the light control elements, 
and the efficiency is decreased [by receiving] 
significantly^ the influence of the change in the 
5 polarization. 

As described above, it was found that the efficiency 
of the light utilization could not be increased on account 
of [a])large number of/.{ref lectionj, when the reflective 
polarizer and the light control element were used for 

10 improving the efficiency of (the} light utilization and^^ 5 ^ 
improving the brightness at a normal angle. Also, it was 
found that the efficiency could not be increased on 
account of misalignment of the optical conversion axis 
of the light control element with the transmission axis 

15 of the polarized light. 

Hereinafter , ^theory of the present invention, wherein 
the reflected light can be re-used ef f ectively Qpy^ only 
|onc^ref lection, /(Is} explained [referring)) to FIG. 13 and 
FIG. 14. 

20 First, the operation when the reflective polarizer 

type l ft is used as the reflective polarizer 30 (is^explained 
\referffing)}to FIG. 13. 

Linearly polarized light 161, which is a part of the 
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non-polarized light 160 projected from the waveguide, is 
transmitted through the reflective polarizer 31, and^i^M 
other linearly polarized light 162, which is the rest of 
the non-polarized light 160 and ^intersects 
perpendicularly with the transmitted light 161, is 
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reflected by the reflective polarizer 31. Then, the 

reflected light 162 is converted to circularly polarized 

light 163 by the birefringent medium 60 operating as ftheH 

quarter wave plate. The circularly polarized light 163 

is reflected by the reflector 54 to [be thejjcircularly 

polarized light 164 having^rotation in a direction reverse 

to the circularly polarized light 163. The circularly 

polarized light 164 is converted to the same linearly 

polarized light 165 as the transmitted light 161 by the 

birefringent medium^ [4 oJJ and/ transmitted through the 

reflective polarizer 31 tojb^the linearly polarized light 

166. In accordance with the above processes, all the 

light is. converted to the same linearly polarized light 

by ^reflection £of only once}, and efficient polarizing 

15 conversion can be achieved. 

j^Then), the operation when the reflective polarizer type 

2 is used as the reflective polarizer 30 lis}/ explained 

^ref erring] jjto FIG. 14. 

Circularly polarized light 171, which is a part of the 

20 non-polarized light 170 projected from the waveguide, is 

transmitted through the cholesteric layer 33B, and 

converted to (the) linearly polarized light 172 by the 

' <\ 

birefringent medium 33A operating as (thej^quarter wave 

plate. Other circularly polarized light 173 reflected 

25 by the cholesteric layer 33B is reflected by the specular 

reflector 54 , and^converted to (the} circularly polarized 

Ixght 174 having^ rotation in a direction reverse to the 

circularly polarized light 173. The circularly 
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polarized light 174 is transmitted through the 
cholesteric layer 33B, converted to the same linearly 
polarized light 176 as the transmitted light 172 by the 
birefringent medium 33A, and^ pro jected. In accordance 

5 with the above processes, all the light is converted to 
the same linearly polarized light by^ref lection [of only] 
jonce), and efficient polarizing conversion can be achieved * 
When the reflective polarizer type 2 is used, the linearly 
polarized light is desirably converted before entering 

10 into the light control element, or at leastyv uniaxial 
anisotropic, further , ^ isotropic media^ is desirably 
applied as the light control element. When uniaxial 
anisotropic medium is used as the light control element, 
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the light control element desirably operates as [the) <\ 
quarter wave plate so as to^makejjthe linearly polarized 
light [converted) to circularly polarized light after 
transmis s ion . 

As described above, the light control element must be 
arranged so as not to be^/ef fected) by ^influence of the 
birefringence , in orderto foakehthe polar iz ing convers ion 
(performed} efficiently (by th£)j reflect ion (of only onc^. 
Furthermore, it was found tha^ maintaining the 
polarization by the waveguide, /dif f user , and the like was 
optimum for improving the efficiency, when the 
25 brightness at a normal angle is increased by increasing 
the directivity at all azimutl^, two (pieces) of the light 
control elements 40 are conventionally used. However, 
when two [piecesj^are used, the efficiency was decreased 



37 



by a light loss due to mult iref lection. Therefore , £aj 
^(composition, wherein the directivity in an uniaxial 
direction is increased by the waveguide, and the 
directivity in a direction perpendicular to the above is 

5 increased by the light control element, is effective. 

An example of the waveguide of the present invention 
jls^explained hereinafter (ref errin^)/to FIG. 7-FIG. 9. 

In order to reflect the reflected light from the 
reflective polarizer to the liquid crystal display 

10 element region again (witfi^ maintaining its polarization, 
fine inclined planes 53B for specular reflection and flat 
mirror portions 53A are provided at the rear plane of the 
waveguide 53, and a specular reflector 54 is provided 
beneath the rear plane of the waveguide 53* as indicated 

15 in FIG. 7. In the above case, the inclined plane 53B has a 
small area ratio in comparison with the flat portion 53A. 
The inclined plane 53B is for projecting light from the 
waveguide 53, and the specular reflecting flat portion 
53A is for propagating light by reflecting all the light 

20 in the waveguide 53. Although the inclined plane and the 
flat plane can be [made of)n metallic Reflecting planes, 
total internal reflection having ^a)/highest reflection 
rate is desirably utilized, because the number of 
reflections is enormous when ^propagating in the 

25 waveguide. 

The inclined portions 53A and slightly inclined flat 
portions 53B can be provided as indicated in FIG. 8. 

In accordance with^the above compositioj^, almost all^ 
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the light reflected from the reflective polarizer is 
transmitted through the flat portion at the rear plane 
of the waveguide^) and^i reflected by the reflector arranged 
beneath the rear plane of the waveguide /to be projected 
5 from the waveguide again (with)} maintaining [th^^^ 

polarization. Therefore/ the brightness can be improved 
by utilizing the light efficiently with scarce absorption 
by the polarizer at; incident light side of the liquid 
crystal display element. 

10 Furthermore , the inclined portions 53A and stepwise 

flat portions 53B can be provided as indicated in FIG. 
9. In accordance witty(the above composition)/ almost allj<n 
the light reflected from the reflective polarizer is 
transmitted through the flat portion at the rear plane 

15 of the waveguidefT) an^ reflected by the reflector arranged 
beneath the rear plane of the waveguide j to be projected 
from the waveguide again (wit^ maintaining approximately 
the i polarization. Therefore, the brightness can be 
improved by utilizing the ligjjtt efficiently with scarce 

20 absorption by the polarizer atjjincident light side of the 
liquid crystal display element. 

When the light 120 from the light source is projected 
to the flat mirror portion 53A at the rear plane of the 
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waveguide 53/ the light is totally reflected as indicated 
(as)^121 due to TIR (totally internal reflection) / 

AO 

propagated in the waveguide 53 / ancfypro jected as indicated 
|as)^110A from the waveguide 53 only when the light is 
projected to the fine mirror reflection plane 53B. 
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Otherwise , the transmitted licfht is propagated in the 
waveguide 53 as indicated [as)*lll . The light is also 
totally reflected at^ upper plane of the waveguide 53 due 
to TIR(totally internal reflection). The light having an 
5 incident angle equal to or more than a total reflection 
angle 6 c , which is defined by the index of refraction 
of the waveguide 53, is totally reflected at the surface 
of the waveguide 53Qandy\propagated in the waveguide 53. 
The light having an incident angle less than the total 

10 reflection angle 6 c is refracted at the upper plane of 
the waveguidepj andji ^r^jpcted from the waveguide. For 
instance, the ^otallyj^ref lection angle 6 c at a boundary 
£>fyair (index of refraction n = 1) and^ transparent resin, 
such as Jlacrylic resin, polycarbonate, polyurethane, 

15 polystyrene, and the like (n = approximately 1.5)^ is 
given as follows: 

0 c = sin" 1 (1/n) = 42° 
Thej t? of the incident light into the waveguide is in 
the range given as follows : 

20 -(90°- 0 c ) ^ 6 ^ + (90°- G c ) 

Therefore, the incident light is totally reflected at 
the flat portion of the upper and lower planes of the 
waveguide. 

Furthermore, referring to FIG. 9, the licjht is 
25 projected from the waveguide 53 as indicated(as^llOA only 
when the light is projected to the fine mirror reflecting 
plane 53B, and simultaneously, the transmitted light is 
reflected by the reflector at the rear plane of the 
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waveguide 53 to Jbejjthe projected light 111A. 

The most important Composition)^ of the present 
invention is making the optical conversion axis 
perpendicular to the polarizing direction by realizing 
an uniaxial direction with the waveguide , and realizing 
a direction intersecting the above uniaxial direction 
perpendicularly with the light control element , in order 
to improve the efficiency of the re-utilization when the 
reflective polarizer is used. 

Utilizing [a}/fact that [aj/ratio of the length in the 
vertical direction and the length in the lateral direction 
of the pixel of the liquid crystal display element is 
generally 3 : 1 , the illumination devices indicated in FIG. 
7 - FIG. 9, which are capable of improving coll^ation 
of illuminated light at least in the direction of; minor 
axis of the pixel , are used. These illumination devices 
have^ larger polarized componen^ in a direction 
perpendicular to the figure than/other direct ion , because 
stripe grooves are formed at their rear planes. Then, 
in order to improve the efficiency of the light 
utilization, [a composition is formed, wherein/ the 
direction of the stripe grooves having the larger 
polarized component is aligned with the polarized light 
transmission axis of the polarizer of the liquid crystal 
display element. Furthermore, in order to improve the 
efficiency of the light utilization remarkably , £a^ 
(composition is formed, whereifl the light control axis of 
the light control element is (^ntersected^approximately 
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perpendicularly with the polarized light transmission 
axis of the reflective polarizer. Furthermore , in order 
to improve the efficiency of the light utilization/ £a) 
[composition is formed; whereinjthe liquid crystal display 
5 elements are arranged on the collimator (illumination 
device), and an outer screen ( or ^o] inner if the 
maintaining performance of the polarization is high) is 
arranged on th^pro jection side polarizer. In accordance 
with these^ompositions^/ (widen ingj(t he transmission light 

10 of the liquid crystal display element and (Increasingjjjthe 
viewing angle become possible. For the above screen, a 
screen is used£j which absorbs external light, transmits 
perpendicular transmission light of the liquid crystal 
display element efficiently, and absorbs oblique incident 

15 light. 

Furthermore, in a case when a reflective color 
selective means is applied in order to decrease the 
absorption loss of the absorption type color filter, and 
to improve the efficiency of the light utilization, the 
20 arrangement in consideration of the polarizing axis ^as^ 

ASA, 

£samS) as /the above compositions is desirable. 

Hereinafter , ^practical embodiment of the present 

invention Jis)j explained . 

" .A \jy^ r iff 

{First, thj^ei^ the present invention (J_s^w^>m W 

25 explained {ref erring^to FIG. 1. 

(in accordance with the^present embodiment^ the?) 

Composition) comprises an illumination device 50 

particularly collimated light arranged in a lateral 
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direction of the figure, the reflective polarizer 31 
indicated in FIG. 10 comprisingjidielectric multilayered 
film as the reflective polarizing selective means 30 , the 
liquid crystal display element 20, the light control 
5 element 40, the birefringent medium 60, and the screen 
10 having a wide viewing angle* - 

As the illumination device 50 (applied to^ the present 
embodiment, any (of} edge light type back light (Sndjtf^ 
direct-below type back light can be used. The 

10 illumination device 50 relating to the present embodiment 
is composed in a manner that, for instance, definite fine 
grooves in a perpendicular direction to the figure are 
provided at the rear plane of the waveguide 53^as indicated 
in FIG. 1, and metal (aluminum, silver, and the like) 

15 having a high reflective index is (ar ranged asjjithe rear 
plane reflector 54[^}in order to(makeythe light projected 
from the light source 51/ have a directivity at least in 
an uniaxial direction. A component projected to the 
left-declined portion at the rear plane of the conductive 

20 body 53, among the light projected from the light source 
51 , is reflected^ and projected upwards as highly directed 
light (in a lateral direction of the figure) . On the other 
hand, the component projected to the right-declined 
portion is propagated through the waveguide 53 to make 

25 the light in the plane uniform. In accordance with the 
waveguide having (theT) stripe grooves as/\the present 
embodiment, the polarized light component perpendicular 
to the figure is enhanced. Accordingly, a desirable 
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gpmpositioB^can be obtained by arranging the lower 
polarizer 14B of the liquid crystal display element 20 
in a direction parallel to the direction of the stripe 
grooves of the waveguide. The [composition isjiexplained 
5 later. 

The illumination device of the present embodime nt^ i s 
composed in^a manner that the light source 51 (Is extending^ 
in a direction perpendicular to the figure , and the 
reflector 52 is arranged around the light source so that 

10 the light 110 projected from the light source 51 is 

Jpropagatedjjto the waveguide 53 . Cold cathode fluorescent 
lamps were used as the light source 51 , but the light source 
(wa§)\not res trictedj [with il. Because the screen 10 is 
arranged at/ display plane side, it is necessary to improve 

15 the transmittance, to eliminate color mixing of the 
oblique incident light, and tofmakeythe light (ha ve^ A 
directivity at least in a lateral direction of the figure. 
Therefore, the illumination device 50 of the present 
embodiment was composed so as to be capable of making the 

20 light projected from the waveguide 53 have a directivity 
at least in a lateral direction of the figure by forming 
fine grooves at the rear plane of the waveguide 53, which 
is composed of transparent acrylic resin, as indicated 
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in FIG. 7 to FIG. 9. , 

In^accordance with the above compositioTJ, the incident 
light to the declined portion 53B of the fine grooves, 
among the incident light 110 to the waveguide 53, is 
reflected by the declined angle 53EJ; 1 and^pro jected from 
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the waveguide 53 as the projected light 110A, On the 
other hand, the incident light to the flat portion 53A 
of the fine structure is totally reflected due to TIR, >t> 
propagated to the right (direction ofj/the figure (by beingj 
5 ^propagated^through the waveguide 53 , anc^ pro jected as the 
projected light 11 OA only when the incident light is 
(pro jected)jto (the)jdeclined portion. The fine structure 
at the rear plane of the waveguide 53 had a pitch 53C of 
200 ju inland a declined angle 53D of 40 degrees. However f 

10 the pitch 53C can be in the range of approximately 10 JUL 
m - 1000 jum, and the declined angle 53D can be in the 
range of approximately 20 degrees - 50 degrees. 

Projection characteristics of the illumination device 
50 used in the present embodiment [I^/ indicated in FIG, 

15 30, 

The characteristics in a vertical direction in the 
f igurefwas\25A,/the characteristics in a lateral direction 
in the f igure£was^25B, jand the^illumination device having 
a high directivity in ^ifl^uniaxial direction could be 

20 realized. Furthermore, FIG. 31 [indicates ^projection 
characteristics when light control elements in a stripe 
shape 40 (commercial name of the 3M company is BEF) having , 
an apex angle of approximately 90 degrees are applied inA 
a manner^to intersect the stripe grooves of the waveguide 

25 53 perpendicularly. The characteristics in a vertical 

direction in the f igure^was) 25C^th<e ^laracteristios in^j^^ 
a lateral direction in the figure^fwasj 25D, ^n^th^^*^ 
illumination device having a high directivity in a 
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direction perpendicular to the figure could be realized. 
In accordance with the present embodiment, the direction 
[having thej^high directivity was aligned with the minor 
axis ^irectionj of the pixel of the liquid crystal display 

5 element, > . ^ 

jAs the| liquid crystal display element 20j7ya pair of 
transparent substrates 11A, 11B; a liquid crystal layer 
interposed between the pair of transparent substrates; 
stripe shaped- color filters 12iin a direction 

10 perpendicular to the figure; absorption type polarizers A 
on the projection side substrate 11A and incident side 
polarizer 11^; and a screerj^ are arrange^. Here f the 
liquid crystal layer 13 was a twisted nematic layer having 
a twist of 90 degrees and an anisotropic index of 

15 refraction And of 0.4 U m. Both of the transparent 
substrates 11A, 11B were^a glass[substrate dfiCorning 7059, 



and its thickness was 0.7 mm. The screen 10 must maintain 
polarization when it is arranged atA inside of the 
absorption type polarizer 14A. As the absorption type 
20 polarizer, the polarizer G1220DU made by Nitto Denko Co. 
was used. In FIG. 1, in order to align the liquid crystal 
in a definite direction //alignment layer , electrodes for 
applying electric fields to the liquid crystal layer 

jLXfl^*-A? ^e^r^J^Jty X^CaVvo^ ^ji^^J^v ^>M A^uo^ 

switching element , wiring , and^thers are.omitte^). The 
25 size of a pixel was 100 ju m X 300 ju m for each of/RGB. The 
pixel was arranged so that the major axis was directed 
in a direction perpendicular to the figure. As the liquid 
crystal layer 13, any one of homogeneous directivity, 
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twisted directivity, and homeotropic directivity can be 
used for initial directivity (no voltage is applied) . Any 
one of the homogeneous directivity and the twisted 
directivity can be used for the liquid crystal having a 
5 positive dielectric anisotropy, and the homeotropic 
directivity is used for the liquid crystal having a 
negative dielectric anisotropy. The twisted directivity 
is represented by the twisted directivity of 90 degrees, 
but [i€)jis not restrictedji jt.o it^. 
10 Details of the screen 10 of the present embodiment are 

indicated in FIG. 2 - FIG. 4. * 
J The screen 10 is |in)/a spherical shape, [and composedJ^MA 
^o£)beads 10A having an index of refraction of 1 . 7jand black 
absorbers 10B. In ^accordance with) the screen 10, the 
15 beads 10A and the black absorbers 10B are arranged so as 
to form a jclosestjjpacking structure.as indicated in FIG. 
4. When the screen 10 is viewed from th^| pro jection side, 
small apertures indicated by 10 C are distributed, and 
other regions are occupied with the black absorber 10B. 
20 Incident light 101A at a normal angle to the screen 10 
is focused to the aperture 10Cj depending on the incident 
angle to the beads 10A and the index of refraction, and^^ 
pro jec ted ^10 IB withj(being^ broadened^ from the^^een^O^^ 
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On the other hand, {bbliquej incident light 102A^to the 
screen 10 is absorbed by the black absorber 10^Q] and/not 
projected. Accordingly, in accordance with the above 
composition, the oblique incident light, which decreases 
the resolution of the image, can be absorbed. Although 
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the display is used in an environment such as an office 
environment in the presence of an ambient light, almost 
all the ambient light 150A is absorbed, because the screen 
10 is mostly covered with the absorber 10B when the screen 
is viewed from the display plane side^as indicated in FIG. 
3 and FIG. 4, and only a reflection component 150B from 
the aperture 10C is reflected. Accordingly, a 
^compos it iofiy can be obtained^ whereb^n black brightness of 
the display is increased, and the contrast ratio is not 
decreased, even in an environment in the presence of (thej 
ambient light . In accordance with the present embodiment , 
[the) screen arranging spherical beads was used, but^A 
semi-spherical micro-lens array could be used. 
Furthermore, for instance,^ stripe shaped rod-lens having 
15 a widening ef feet [of^ the viewing angle at least in a 
direction having a strong directivity of the illumination 
device 50 may be/(arranged). 

In accordance with the present embodiment, £aj 
(composition was formed by intersecting! the stripe groove 
20 direction of the waveguide 53^ perpendicularly with the 

groove direction of the light control element 40Q and . . 
(aligning] the stripe groove direction of the waveguide 53^ 
in parallel with the direction of the polarized light 
transmission axis of the reflective polarizer 30. 
25 Because the light 11 OA j^^r|ected from the waveguide 53 
contains a large portion of ^polarized [light^ in a direction 
perpendicular to the figure, and the polarized light 
transmission axis of the reflective polarizer 30 is 
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aligned with it, the light 110A is transmitted^ 11 OB 
efficiently and/ pro jected into the liquid crystal 
display element 20. Furthermore, because/the conversion 
axis of the light control element 40 is aligned, the 
reflected light HOC, i.e. a linearly polarized light 
intersecting perpendicularly with thej HOB, is 
converted effectively to (theTjcircularly polarized light 
by the birefringent medium 60. Then, the circularly 
polarized light is reflected by the reflector 54, 
transmitted through the birefringent medium 60 agairyto 
(be the)jfLinearly polarized light 110D^as)same as the^llOB, 
and becomes (the inciden^ light HOE^to the liquid crystal 
display element 20. As [theyresult, the efficiency of the 
light utilization can be increased by 20 % or more in 
comparison with the structures indicated in FIG. 3SQ and 
FIG. 41. The resolution of the display device of the 
present embodiment was high, and; display having a wide 
viewing angle^in comparison with the conventional liquid 
crystal element, no grayscale reversal^ which was scarcely 
observed on conventional liquid crystal element, and^ 
color shift and contrast ratio scarcely depending on the 
viewing angle^ could be obtained. 

Details of the embodiment in FIG. 1 are indicated in 
FIG. 5 and FIG. 6. „ 

(The^ypresent embodiment (was composed by arrangin^slow 
axis 61 .of the birefringent medium 60^ so as to form an 
angle of approximately 45 degrees with the fine stripe 
groove direction of the illumination device 50, and 
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{arrangingj the stripe groove direction 41 of the light 
control element 40/so as to be approximately in parallel 
with the fine stripe groove direction of the ^waveguide 
53. As (Ehejjresult , the illumination device 50; [havingj a 
5 high collimated light in the stripe groove direction 4l£J 
and an enhanced collimation in the polarized light 
transmission direction 14AA [could be obtained). Because 
the light projected from the waveguide 53 has^high 
polarized light component in the stripe groove direction, 

10 frhej^biref ringent medium 60 may be arranged between the 
waveguide 53 and the reflector 54. The polarized light 
transmission axis 14BB of the incident side reflector oi! 
the liquid crystal display element 20 was (Intersected)^ 
perpendicularly with the polarized light transmission 

15 axis 14AA of the projection side reflectories indicated 
in FIG. 5, the polarized light transmission axis 31 of 
the reflective polarizer 30 was jTnadejj approximately in 
parallel with the^l4BB, and the polarized light 
transmission axis 31 was arranged so as to intersect 

20 perpendicularly with the stripe groove direction 41 of 
the light control element 40 , in (order to obtain the] 
(composition of) the present embodiment, [in accordanc^^^oAy^-*'*^ 
£with the composition^, the light projected from the 
waveguide 53 is converted to the projected light HOB, 

25 110E, on which the polarizing conversion can be performed 
effectively by (passing) only^(onc^ the processes of^LlOC, 
llODjas stated previously. When the light control element 
40 has birefringence, it is desirable to make the light 
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control element 40 and the birefringent medium 60 operate 
asfth^quarter wave plate, or/the optical axisjlLs aligned/ 
with the linearly polarized direction so as to make the 
birefringence of the light control element 40 be 
5 negligible. 

In the embodiment indicated in FIG. 1, the polarizer 
31 of type 1 indicated in FIG. 10 was used as the reflective 
polarizer 30. However, the most optimum structure 
(Tncluding^the reflective polarizer type 2, when the light 
10 control element is used, and its detailed embodiments are 
(Indicate^ in FIG. 15 and FIG. 16. 

First, (th^Jlillumination device using the reflective 

Eolarizer 31 _of type 1 as the reflective polarizer 30 (Lsj 
(indicated inJjFIG. 15. 
15 The cross section of the present embodiment differs 

from the cross section indicated in FIG. 1 in its cutting 
direction, fa nd (Indicates)! the cross section in a direction 
rotated 90 degrees aty azimuthal angle from the cross 
sectional direction indicated in FIG. 1. 
20 The Composition^ indicated in FIG. 15 comprises(:)^ 

reflector 54 arranged at the rear plane of the waveguid^;]) 
birefringent medium 60, light control element 40, and 
reflective polarizer 31 arranged on the waveguide. 
The light 130 projected from the waveguide is 
25 projected light having a large polarized component in 
parallel to the figure ^directed toward (abnormal angle 
by the light control element 40j7) and/\ transmitted^/131 
through the reflective polarizer 31. On the other hand, 
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the linearly polarized light 132 intersecting 
perpendicularly with the transmitted light 13 ^reflected 
by the reflective polarizer 31 , is transmitted and 
refracted by the light control element , and becomes , 
5 circularly polarized light 133 (by transmitting^ the 

birefringent medium 60. At that time, the birefringent 
medium 60 operates as jthe^quarter wave plate to the oblique 
incident light. The circularly polarized light 134 
reflected from the reflector 54 is circularly polarized 

10 light rotated in a direction reverse to the circularly 
polarized light 133. The circularly polarized light 134 
is converted to linearly polarized light by the 
birefringent medium 60^and^ref racted by the light control 
element 40. The refracted light 135 has the same 

15 transmission axis as the polarized light transmission 
axis of the reflective polarizer 3l£J and becomes the 
projected light 136. As described above, the polarizing 
conversion can be realized effectively by [passing] only 

20 Next, the illumination device using the reflective 

polarizer 33 of type 2 as the reflective polarizer 30 (is) 
(Indicated in^FIG.' 16. 

The cross section of the present embodiment indicates 
the cross section in a direction rotated 90 degrees in 
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azimuthal angle from the cross sectional direction 
indicated in FIG. l^(as) same^as FIG. 15. 

The ^omposition^comprisesQ)/ref lector 54 arranged at 
the rear plane of the waveguideQ)biref ringent medium 61 A, 
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61B^J.light control element 40, retardation plate 33A 

(composing^ the reflective polarizer 33 , and cholesteric 

layer 33B arranged on the waveguide • 

The light 180 projected from the waveguide is 

5 projected light having a large polarized component in 

parallel to the figure, /directed toward [abnormal angle 

by the light control element 40, transmitted^ 81 through 

the cholesteric layer 33Bf,land converted to [the] linearly 

polarized light iby the retardation plate 33A. On the 

r ^ 

10 other hand, the circularly polarized light [182k rotated 
in a direction reverse to the transmitted light 181, 
reflected by the cholesteric layer 33B, (isj converted to 
^thej linearly polarized light 184 by the birefringent 
medium 61A, transmitted and refracted by the light control 

15 element 40, and^becomes circularly polarized light 185 
[by transihittinjjjthe birefringent medium 6 IB. At that time, 
the birefringent medium 6 IB operates as (thejjquarter wave 
plate to the oblique incident light. The circularly 
polarized light 186 reflected from the reflector 54 is 

20 circularly polarized light rotated in a direction reverse 
to the circularly polarized light 185. The circularly 
polarized light (185^/is converted to linearly polarized 

in ^ 

liglrty by the birefringent medium 6 1E0 and/ refracted by 

the light control element 40. The refracted light 187 

25 is converted to (the^ circularly polarized light[l87jby the 

birefringent medium 61^",] and/ transmitted through the 

cholesteric layer 33Bi. The circularly polarized light 

|<?0 

189 becomes the same linearly polarized light; as the 



53 



{transmitted} light 182 jby the retardation plate 33A£^and/ 
projected. As described above , the polarizing conversion 
can be realized effectively by ^passing] onl^[onc^. 

An embodiment for obtaining^ bright display with low 

5 (consuming) powerj by eliminating absorption loss by the 
conventional color filters and^improving the efficiency 
of light utilization^ JEs indicated) hereinafter . 

The (compos it ion)) of the jpresentj embodiment^ comprises 
cholesteric layer 73 , two layered cholesteric layer 72 

10 having^ twist reverse to the cholesteric layer 73yas^ 
reflective color selective layer 70 ,/ retardation plate 
71 operating as a quarter wave plate , and screen 10 
arranged at^ upper portion of the liquid crystal display 
element 20. Other components are [a^, same as/ FIG. 1 

15 indicated in)^FIG. 20. 

In FIG. 17, the reflective color selective layer 70 
transmits specified polarized light having a specified 
wavelength , and reflects light other than the specified 
polarized light. For instance, reflective color 

20 selective layer 70 transmits one of/three primary colors, 
i.e. red, green, and blue, and reflect smother colors . The 
cholesteric layer 73 transmits one of circularly 
polarized light in at least/ visible wavelength region, 
and reflects ^nother^circularly polarized light. As 

25 described above, the liquid crystal layer display device 
capable of re-utilizing light reflected from each of the 
layers 70, 73, having a low absorption loss and a high 
efficiency of light utilization can be realized by 
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arranging the cholesteric layer 73 , the reflective color 
selective layer 70 , and the liquid crystal display element 

20 on the illumination device 50. 

Next, an embodiment of the liquid crystal display 
5 device using the illumination device indicated in FIG. 

21 [Isjjexplained [referring}/ to FIG. 20. 

The illumination device relating to the present 
embodiment has a composition comprising stripe shaped 
microgrooves provided at/rear plane of the waveguide 53^ 

10 as indicated in FIG. 21 , ^ light source 51 and j lamp cover 
52 provided at/ side plan^ of the waveguide 53 , and A ^ 
reflector 54 arranged atj\rear side of the waveguide 53. 

The projection characteristics of the illumination 
device 50 of the present embodiment[has) a high directivity 

15 in a direction intersecting perpendicularly with the 
stripe shaped grooves, and an extension in a direction 
in parallel with the stripe shaped grooves. The 
projection characteristics {Ls^jindicated qualitatively as 
300, 301 in FIG. 21. 

20 The projection characteristics of the illumination 

device 50 shown in FIG. 21 ^.s^ indicated in FIG. 30. 

The characteristics in the direction in parallel with 
the direction of the stripe shaped fine grooves (t<^the 
waveguide 53 (Ls^indicated |as^25A, and the characteristics 

25 in the direction perpendicular to the above (Is)jindicated 
{S§)^25B. In accordance with FIG. 30, itjfcould be concluded) 
that the collimation at all azimutniwas sufficiently 
enhanced . 
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An embodiment using the illumination device 50 is 
(Indicated)) in FIG. 20. 

The direction of the stripe shaped grooves of the 



waveguide 53 [was intersected^ perpendicularly with the 
5 groove direction of the light control element 4 0 , and the 
direction of the stripe shaped grooves of the waveguide 
53 (was| aligned with the direction of the polarized light 
transmission axis of the reflective polarizer 30. The 
polarized light component in the direction parallel with 
10 the stripe shaped groove in the licrht projected from the 
waveguide is significant , ^transmitted effectively 
because it is aligned with the direction of the polarized 
light transmission axis of the reflective polarizer 30, 
and projected into the liquid crystal display element 20. 
15 The conversion axis of the light control element 40 is 
composed so as to be approximately in parallel with the 
polarized light transmission axis of the reflective 
polarizer 30. In accordance with(the above compositioi^, 
the polarizing conversion can be achieved effectively and 
20 the efficiency of the light utilization can be increased 
significantly , because the direction (havingj a high 
polarized light component from the waveguide 53 is 
^[coincided each othe3. The resolution of the display 
device of the present embodiment is high, and^display 
25 having a wide viewing angle in comparison with the 
conventional liquid crystal element, no grayscale^ 
reversal which is scarcely observed on conventional 
liquid crystal element, and^color shift and contrast ratio 
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scarcely depending on the viewing angle can be obtained. 

Next , j operation of the reflective color selective 
means 70 and the reflective polarizing selective means 
73 relating to the present invention fare i/explained in 
5 [oletails ref erring}^to FIG. 18. 

As an example of the reflective color selective means 
70, cholesteric layers 72A-72C utilizing; selective 
ref lection^ of the cholesteric^, and^ retardation plate 71 
operating asjquarter wave plate are used . The retardation 

10 plate 71 may be arranged for every colox)(a£) same^as the 
cholesteric layer 72 in order to operate as a quarter wave 
plate (with)jevery color. As the reflective polarizing 
light selective means 73 , for instance, the cholesteric 
layer having^ specif ied reflection for at least three 

15 primary colors is used, and the cholesteric layer 73 has 
(thej twist reverse to the cholesteric layers 72A-72C. The 
cholesteric layers 72A-72Cj(as trie reflective color 
selective means 70, the retardation plate 71 , and the 
cholesteric layer/ as the reflective polarizing light 

20 selective means are arranged on the illumination device 
comprising wave guide means and the reflection means. 

Using the cholesteric layer as the reflective 
polarizing light selective means 73 has been known , and 
the technology disclosed in JP-A-3-45906 ( 1991 )|7} and 

25 JP-A-6-324333 (1994) can be applied. Selective 

reflection wavelength A. by the cholesteric layer can be 
expressed by the following equation: 
A = (n 0 + n x )/2P 
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. The selective reflection wavelength A is determined 
by J^cholesteric spiral pitch P,jthe index of refraction 
of ordinary light n 0 (V) and of extraordinary light n e . 
Selective reflection band A A = A nP is determined by an 

5 anisotropy of refractive index 

A n = n e - n 0 and the spiral pitch P. However, An is 
approximately 0.3, andyall^the visible region can not be 
covered. Accordingly, all^the visible region must be 
covered by laminating several cholesteric layers having 

10 different pitches (each other], or^varying the pitch in the 
cholesteric layer. As materials for the cholesteric 
layers 72A - 72C^as the reflective color selective means 
70, the same materials as the reflective polarizing light 
selective means 73 can be used, and the spiral pitch for 

15 each of the layers is set so as to(make^specif|jed reflection^ 
such as red, green, and blue. Although/* selective 
reflection center wavelength^"] and* selective reflection a 
band are not restricted, each jo fj center wave lengthy is 
desirably selected as 470 nm, 550 nm, and 620 nm, and the 

20 desirable specified reflection band is approximately ± 
35 nm. 

Conveniently, the cholesteric layers 72A - 72C are 
assumed to be twisted[at)right-handed, and the cholesteric 
layer 73 used as the reflective polarizing light selective 
25 means 73 is assumed to be twisted (at) left-handed. 
Accordingly, the cholesteric layer 73 reflects the 
left-handed circularly polarized lightjVjand transmits the 
right-handed circularly polarized light. Each of the 
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cholesteric layers 72A - 72C^reflects the right-handed 
circularly polarized light of n red color , green color, and 
blue color, respectively, and transmits^ other colors • 
The light 200 projected from the waveguide means made 
5 of transparent acrylic resin is white non-polarized light^ t*A**h 
is projected into the cholesteric layer 73, i.e. the 
reflective polarizing light selective means. Then, the 
transmitted light becomes white right-handed circularly 
polarized light 201, and the reflected light becomes 

10 white left-handed circularly polarized light 203. The 
white right-handed circularly polarized light 201, i.e. 
the transmitted light, is projected into the cholesteric 
layers 72A, 72C, where right-handed circularly polarized 
light 202 of green color is transmitted, and blue and red 

15 color right-handed circularly polarized [lights)j206 are 
reflected. The transmitted green color right-handed 
circularly polarized light 202 becomes green color 
linearly polarized light 213 byjthe retardation plate 71. 
On the other hand, the reflected white left-handed 

20 circularly polarized light 203 is further reflected by 

3tJ< 

the reflecting means 54 arranged at/ rear plane of the 
waveguide means^to (b«|^left-handed circularly polarized 
light|{207|, and is transmitted through the cholesteric 
layer 73. The white right-handed circularly polarized 
25 light (20 ^transmitted through the cholesteric layer 73 
is projected into the cholesteric layers 72B, 72CV and 
only red color right-handed circularly polarized light 
205 is transmitted and /Mother left-handed circularly 
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polarized light 211 is reflected . The transmitted red 
color right-handed circularly polarized light 205 is 
converted to red color linearly polarized light 214 [ii^lU>^ 
the same polarizing axis ^witfi^green color linearly 
5 polarized light 213 by the retardation plate 71. 

The reflected blue color and red color right-handed 
circularly polarized light 206 is reflected by the 
reflection means 54 to be blue color and red color 
left-handed circularly polarized light 207 ,Aref lected by 

10 the cholesteric layer 73 as blue color and red color 
left-handed circularly polarized light 2 08£jand;ref lected 
by the reflection means 54 again to £be)jright-handed 
circularly polarized light 209. The right-handed 
circularly polarized light 2 09 is transmitted through the 

15 cholesteric layer 73 , projected into the cholesteric 
layers 72A, 72B, and only blue color right-handed 
circularly polarized light 210 is transmitted through the 
cholesteric layers and the rest is reflected. The 
transmitted blue color right-handed circularly polarized 

20 light 210 is converted to (the) linearly polarized light 
215 (Iif)|tne same direction (witK)j(the linearly polarized 
light 213, 214 by the retardation plate 71. Here, an 
example ^or explanation] was^taken with) a case |wher^the 
waveguide means 53 and the reflection means 54 did not 

25 have any depolarization by scattering. However, when(the) 
depolarization^jis existed), the light can be re-utilized 
by repeating transmission of onlyfdesired polarized light 
component and reflection of^undesired polarized light 
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component . 

The reflected light 211 , 212 by the cholesteric layer, 
i.e. a reflective color selective layer, can be re- 
utilized by the same phenomena asjabove. 
5 Operations of the reflective color selective means 70 

and the reflective polarizing selective means 73 fare) A UrC ^' U ^ 
explained^ hereinafter. 

As an example of the reflective color selective means 
70, the dielectric multilayered film 74A - 74C jare)^ 

10 utilized^ the^dielectric multilayered film transmits one 
of perpendicularly intersecting linearly polarized 
[light§)^and reflects the rest of the linearly polarized 
^jlights). As the reflective polarizing selective means, 
the dielectric multilayered film 73B is use<^ the}* 3^-* 

15 reflective polarizing -selective means transmits one of . 
perpendicularly intersecting linearly polarized (lights)/ 
for /three primary colors and reflects the rest of the 
linearly polarizedj^ight^ . The dielectric multilayered 
film 74A - 74C and the dielectric multilayered film 73B 

20 are arranged so that the polarizing axis of their 

polarized flight s^are approximately same. The dielectric 
multilayered film 74A - 74C/as' the reflective color 
selective means 70 and the dielectric multilayered film 
73B/,as the reflective polarizing selective means are 

25 arranged on the illumination device comprising the 

waveguide means and the reflection means . Desirably^ the 
retardation plate 61C operating as a quarter wave plate 
to each ^of the] wavelength is arranged between the 
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dielectric multilayered film 73B and the reflection means 

54. Preferably, the retardation plate 61C is used£ the] • 3^ 

a, * 
retardation plate is adjusted with^phase difference to 

eachjof thejcolor by making its shape strip^corresponding) 

5 to the layers of the reflective color selective means. 

Furthermore, preferably, the light control element 40 may 

be arranged in order to enhance the directivity of the 

transmitted light. 

Using the dielectric multilayered film as the 

10 reflective polarizing selective means has been known, and 

the technology disclosed, for instance, in W095/27919 can 

be applied. The dielectric multilayered film 74A - lAC^a^^^^ 

as the reflective color selective means 70 can be 

composed of the same materials as the reflective 

15 polarizing selective means, yeach of the layers is set so 

that one of r perpendicularly intersecting linearly 

polarized jlights^of red, green, and blue^and (ref lect§/ the 

rest of the linearly polar ized^flight^. v 

For convenience of explanation, the linearly polarized 

light in a ^perpendicular ^irection) to (the figure is)^ 

expressed by the mark +, and the linearly^olarized light 

in a lateral direction to the figure (l^expressed by the 

mark -. 

The light 200Apro jected from the waveguide means made 
of transparent acrylic resiniis white non-polarized light^ 
is projected into the dielectric multilayered film^73B, 
i.e. the reflective polarizing selective means. Then, 
the transmitted light becomes white linearly polarized 
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light +201A, and the reflected light becomes white 
linearly polarized light -2 03 A. The white linearly 
polarized light +201A, i.e. the transmitted light, is 
projected into the dielectric multilayered film layers 
5 74A, 74C, where green color linearly polarized light +202A 
is transmitted, and blue and red color linearly polarized 
^(lights) +209A are reflected. 

On the other hand, the reflected white linearly 
polarized light 2 03 A is converted to (the) right-handed 

10 circularly polarized light 204A by the retardation plate 
6 1C ^reflected by the reflection means 54 arranged at^rear 
plane of the waveguide means 53^ to [be the^lef t-handed 
circularly polarized light 2 05A,y| transmitted through the 
retardation plate 61Cjto be converted to (the) linearly 

15 polarized light +206A,, andAtransmitted through the 

dielectric multilayered film layer 73B tojbe the^linearly 
polarized light +207A. The linearly polarized light 
+207A transmitted through the dielectric multilayered 
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film layer 73B is projected into the dielectric 
multilayered film layers 74B, 74C f ^only red color linearly 

and jot her linearly 

polarized light +218A is reflected and re-utilized by the 
same processes. 

The reflected blue color and red color linearly 
polarized light + 2 09A is converted to [th^ left-handed 
circularly polarized light 21 OA by the retardation plate 
6 1C,J reflected by the reflection means 54 to[b^blue color 
and red color right-handed circularly polarized light 
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211A, /pro jected again (Intc^jthe retardation plate 61C to 
j(Be the) linearly polarized light -212A. The linearly 
polarized light -213A reflected by the dielectric 
multilayered film layer 73B is converted to (th^ 
5 right-handed circularly polarized light 214A by 

transmitting) the retardation plate 6 lC f ji reflected by the 
reflection means 54^ to jbejjlef t-handed circularly 
polarized light 2 15A^ transmitted through the retardation 
plate 61C again tojbe the^CLinearly polarized light + 216A, 

10 andjtransmitted through the dielectric multilayered film 
layer 73B. The linearly polarized light +216A, i.e. the 
transmitted light, is projected into the dielectric 
multilayered film layers 74A, 74B,j| only blue color 
linearly polarized light is transmitted through the 

15 dielectric multilayerejd film [layers] and the rest is 

ref lected/vto(be the^ref lected light 219A, (and^re-utilized 
by the same principle. Here, an example (for explanation) 
was^taken with} a case^when^ the waveguide means and the 
reflection means 54 did not have any depolarization by 

20 scattering. However, when(the)depolarizatiorj((ls existe^ # 
the light can be re-utilized by repeating transmission 
of only/desired polarized light component and reflection 
of^undesired polarized light component. 

The operations of the reflective color selective means 

25 7 0 and the reflective polarizing selective means 73 have 
been explained as above (ref erringj^to FIG. 18 and FIG V 19. 
However, the cholesteric layer for the reflective color 
selective means 70 and the dielectric multilayered film 
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layer for the reflective polarizing selective means 73, 
or the dielectric multilayered film layer for the 
reflective color selective means 70 and the cholesteric 
layer for the reflective polarizing selective means 73^ 
can be used, and the combination is not restricted by the 
above explanation. 

Because the viewing angle characteristics of the 
reflective polarizing selective means li) explained above 
\ref erring to FIG, 18 and FIG. 19^ is generally inferior 
to the absorption type polarizer (the polarization is 
shifted from the desired polarization by oblique incident 
light) , it is desirable to arrange an absorption type 
polarizing selective means 14B at the incident light plane 
of the liquid crystal element^ as indicated in FIG. 26 , 
if necessary^in matching jtojthe collimation of illuminated 
light from the illumination device. Furthermore , 
because the viewing angle characteristics of the 
reflective color selective means 70 £Ls)j| generally 
undesirable, and the polarization is shifted from the 
desired polarization by oblique incident lightfclit is 
desirable to ^rrangej|Color filters as the absorption type 
color selective means in the liquid crystal element, if 
necessary^ in matching (to) the collimation of illuminated 
light from the illumination device. Furthermore, in 
order to compensate/ viewing angle dependence of the 
reflective color selective means 70, (usingjj^the screen 
indicated in FIG. 2-FIG. 4 for absorbing the oblique 
incident light (Is desirable). In order to compensated^ 
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viewing angle dependence of the reflective color 

ck 

selective means 70,/ pigment and the like for absorbing 
colors other than the desired color can be used by mixing 
or laminating. 

Furthermore ,/\ display having a wide viewing angl^7)jno 
color mixing between the reflective color selective means 
can be obtained by arranging the reflective color 
selective means inj| stripe shape, /using ^th^/illuminat ion 
device having an directivity of the light in a direction 
[perpendici^arly^to the stripe direction, a^d/ciif fusing 
only in a direction along the directivity of the light 
at the display plane. When the reflective color selective 
means is arranged in/^stripe shape, deterioration of the 
image quality by /mixing/^ colors between pixels can be 
eliminated with (providingj^no directivity of the light in 
the stripe direction. Not only y the amount of the 
projected light from the illumination device itself [can] 
be increased, but also its structure can be simplified 
by enhancing its collimation of the illuminated light in 
20 a direction of the illumination device. For instance, 
the lens sheet at the upper portion of the waveguide can 
be eliminated by setting the stripe fine grooves of the 
illumination device approximately in parallel to the 
stripe direction of the reflective color selective means . 

A- cA^y^ 

25 (ChangelLLn characteristics (color shift, polarization 

change) of the reflective color selective means with 
oblique incident light can be compensated and^display 
having a high color reproduction with the oblique incident 
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light can be obtained by arranging a second absorption 
type polarizing selective means at the liquid crystal 
lay^pr side of the reflective color selective means . Even 
if^collimation of light sources in the stripe direction 
is worse , problems such as mixing^color and others can 
be eliminated because; colors in the stripe direction are/ 
same color , and/color liquid crystal display device having 

a high efficiency in light utilization can be realized 

. n ^ 

by enhancing (its) ^directivity of the light without 

(deteriorating^ the efficiency of the light utilization. 

c\ 

Further (desirabl^, ^display having a high image quality 
even with the oblique incident light from the direction, 
where diffusion by the dif fuser at the display plane is 
not performed, can be obtained by using^liquid crystal 
15 display mode having a wide viewing angle in the stripe 
direction of the reflective color selective means. 
Further ^lesirabl^ ^composition of the illumination device 
can be facilitated by arranging the longitudinal 
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direction of the lamp and the stripe direction of the color 
selective means [ii^ ^approximately parallel* each other. 

By using the above means, problems such as 
deterioration of the image quality depending on the 
thickness of the substrate, deterioration in the contrast 
ratio and display performance such as displayed color with 
25 the oblique incident light can be prevented, ancU bright 
display device having^low (consuming^ power/and small 
absorption loss can be obtained. That is,^wide viewing 
angle can be realized by transmitting the light 
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^transmitted)through the reflective color selective means 
and the liquid crystal layer ^^approximately 
perpendicular to the substrate, and diffusing optically 
at the display plane. Therefore, the problems (with the) a v 

5 oblique incident light, which have been problems/ for a 
long time, can be solved, and the display device having 
a wide viewing angle^and no deterioration of the image 
quality depending on the viewing angle can be realized. 
Furthermore, the reflected light from the reflective 

10 color selective means and the reflective polarizing 

selective means can be used effectively, and^fef f iciency 
of the light utilization can b^^chievedjby re-utilization 
of the light, 

Hereinafter,/ advantages and the operation of the 

15 embodiment (referring to^FIG. 17|using)ithe reflective color 
selective means^ffor decreasing the absorption loss of the 
color filters, (Improving] the efficiency of the light 
utilization and (realizing th^ bright display with low 
consuming power y( (are} explained. In (accordance withj^^M 

20 conventional illumination device, various problems^ such 
as unclearness of imaged land color mixing. Therefore, 
the reflective color selective layer 70 (had^a structure 
of stripe shape (pitch of 100 fJL m in matching with pixel) in 
a directionjperpendicularlyjjto the figure {Lq matching {with) 

25 the pitch of the liquid crystal layer 13. The 

illumination device 50 used in the present embodiiaent^had^-^o 
a high directivity of (the) light in a direction lateral 
to the figure, that is, projection light characteristics 
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[having a higfijjcollimated light. Accordingly/ the 
direction perpendicular to the stripe of the reflective 
color selective layer 70[had^a high collimated light, the 
light transmitted through the reflective color selective 
5 layer 70^ transmitted^ the pixel corresponding to the same 
color, /the light transmitted through the pixel (was]^? 
extended in a lateral direction to the figure by the screen 
10 at the upper portion, (arid the)/disj?lay having wide 
viewing angles with no unclearness (of imagej, no decrease 

10 in contrast ratio, (no^decrease in^purity of^/colors could 
be obtained. On the other hand, the direction 
perpendicular to the figure (requiresjnot necessarily high 
collimation of the light source for displaying/same color, 
and/the projected light from the illumination device 50 

15 ^@-^) used without collimation. However, in consideration 
[witf^ihe viewing angle dependence of the reflective color 
selective layer 70, providing the directivity of the light 
to the illumination device is necessary. The light 
projected from the illumination device 50 must be gxtended) d^^^ 

20 at least in the direction/collimated strongly, and the 
direction perpendicular to the above direction is not 
necessarily extended by the screen 10. Therefore, (the) 
color mixing depending on the thickness of the glass 
substrate could be eliminated by increasing the 

25 collimation of the light at least in the direction 
perpendicular to the stripe of the reflective color 
selective layer 70, [and the)| display having (th^wide 
viewing angle^jbecamej possible. In accordance with the 
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present embodiment , the characteristics [havingji no color 
mixing and a high contrast ratio (was]* obtained. 

In accordance with the present embodiment , (th^display 
having a wide viewing angle without making the image 

5 unclear could be realized, as described above. The 
efficiency of the light utilization was significantly 
improved, because the absorption loss by the conventional 
polarizer and color filters was decreased. Although the 
light projected from the waveguide 53 is non-polarized 

10 light, onejof the circularly polarized light is * 

en 

transmitted through the cholesteric layer 73, and other^ 
circularly polarized light is reflected. The 
transmitted circularly polarized light [receivesjjcolor 
selection by the reflective color selective layer 72 to 

15 be transmitted only (th^jcircularly polarized light of the 
desired color (other color is reflected) . The 
transmitted light is converted to [the) linearly polarized 
light by the retardation plate 71, ^modulated by the 
liquid crystal layer 13, ^ selected by the absorption^type 

20 polarizer 14 A, andf displayed corresponding to^ image 

signals. On the other hand, other circularly polarized 
light reflected by the cholesteric layer 73 is further 
reflected by the reflector at the rear plane of the 
waveguide j[to (be thej/^circularly polarized light in a 

25 reverse direction. The/circularly polarized light is 
transmitted through the cholesteric layer 73 £7) and^used 
for the display. Similarly, the reflected light of the 
other color is re-utilized when projected into the desired 
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color selective layer after jr*epeatingjref lections by the 
reflector 54 at the rear pane of the waveguide. 
Accordingly , although the reflector 54 and the selective 
layer 72 had |somewhatj|ab sorption loss f theoretically all 
5 the light could be re-utilized/ and the efficiency of the 
light utilization was improved remarkably. In 
accordance with the present embodiment/ the efficiency 
of the light utilization was increased by approximately 
3.5 times in comparison with a case having no cholesteric 

10 layer 73 Jnor)y<color selective layer 72. 

Next, an embodiment of the illumination device having^ 
high uniaxial collimation and collimation at all azimuth f^jh^ 
fi.s)Jlexplained. The illumination devices explained 
hitherto can be used naturally, butfbthef]n embodiment (£&(*A*J ^ 

15 (tndicated*7/ hereinafter 

\ks the embodiment of)ithe illumination device 50A f a 

^ <\ 
lens sheet 40 was used as jth^ light control element having 

a cross section/ of stripe shaped triangles on the 

illumination device 50 indicated in FIG. 22j to^jniake^ the 

20 device ^ave)character is tics^havin^directivity in a depth 
direction of the figure. In accordance with the present 
embodiment, the apex angle 4 OA was 90 degrees and the pitch 
was 50 fJL m, but the apex angle and the pitch are not 
restricted [by)/these values. As jthej^re^ilt , the 

25 directivity was enhanced at all azimuth/as indicated by/ 
lateral direction projection characteristics 300A-and 
vertical direction projection characteristics 301A r andy\ 
the collimation could be improved. The projection 
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characteristics at the time [is)^ indicated in FIG. 31 (?Dj 
wherein the lateral direction projection characteristics 
25D £ias)/been widened slightly , and the directivity in the 
vertical direction projection characteristics 25C has 

5 been enhanced. By applying the illumi^a^on_^evice 5 OA 
to the liquid crystal display device^ ([indicated) in FIG. 
17 , the brightness at a normal angle was improved by the 
directivity of the light, and the color reproduction 
depending on^ viewing angle was improved by decreasing the 

10 oblique incident light in the stripe direction of the 
reflective color selective layer. At that time,,, 
transmitted flight} through the liquid crystal layer 13 
could be widened at all azimuthjby [arranging} the screen 
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indicated in FIG. 2, FIG. 3, and FIG. 4 as the screen 10, 
(ajid^the viewing angle characteristics could be improved. 
In accordance with the present embodiment, the 
character is tics[havin^no color mixing and a high contrast 
ratio could be obtained. 

An embodiment of the illumination device SOB is 
indijcated^in FIG. 2^;^ wherein (a)/ col lima ting sheet 41 
^ndicated^in FIG. 23 was used instead of the lens sheet. 
The collimating sheet 41 was made of/ transparent acrylic 
resin having^ narrowed bottom portion arranged in/ stripe 
manner, and G_t^ shape of the pitcty 4 mm, y height/ 4 mm, and/ 
bottom length/ 1mm ^as use^. However, if the collimating 
sheet has a structure, wherein the bottom portion^ is 
narrow and the width (of the portionjis ^idene^as it comes 
close to the upper portion, the shape is not restricted 
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by the above values* As jthe)result , the^incident (iightj 
to the bottom of the collimating sheet 41 had [the) 
characteristics such as^300B, wherein the directivity 
was enhanced only in the lateral direction of the figure , 
5 and the light is widened in the depth direction of the 
figure reflecting the incident light viewing angle 
characteristics indicated [by)) 30 IB. The collimating 
sheet 41 was arranged so that the stripe direction of the 
sheet (was) intersected perpendicularly with the groove 

10 direction of the illuminating device 50 , and the waveguide 
53 and the collimating sheet 41 were adheredyeac^other 
by a transparent medium having (ari) approximately; same 
refractive index. As(the)result , the light reflected from 
the declined microgroove portion at the rear plane of the 

15 waveguide 53 is projected, and further, even the other 
light, which would be reflected and propagated in the 
waveguide 53 when the collimating sheet is notj(existe<^, 
is projected out when the light is projected into the 
bottom plane of the collimating sheet 41. Accordingly, 

20 the projection characteristics in the lateral direction 
300C {is madejjin parallel by the microgrooves at the rear 
plane of the waveguide 53, and the projection , 
characteristics in the vertical direction 30 1C (Is made^ 
in parallel by the collimating sheet 41. Desirably, the 

25 adhered portion of the collimating sheet 41 is not the 
whole plane of the bottom, but some portions j^dhered^ith) 
(kn) intervals in parallel to the microgrooves at the rear 
plane of the waveguide 53 . By applying the illumination 
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device SOB to the liquid crystal display device indicated 
in FIG- 17 , the brightness at a normal angle was improved 
by the directivity of the light , and the color 
reproduction depending on/viewing angle was improved by 
5 decreasing the oblique incident light in the stripe 
direction of the reflective color selective layer 70. 

(The othe^ i embodiment of the liquid crystal display 
element 20 /is)>explained£) hereinafter^. 

{An embodiment of the liquid crystal display element] 

10 [20 is indicated in FIG. 25TJ 

The same structure as ) the liquid crystal display 
element (indicated^ in FIG. 18 was used as the illumination 
device 50 . However, any of the other illumination devices 
[us ecf^) hitherto can be used. 

15 The different pointshf rom the embodiment indicated in 

FIG. 18 [Is^in the arrangement of the reflective color 
selective layer 70 and the reflective polarizing 
selective layer 73 at/^ inside/ the transparent substrate 
11B. The important point of the present embodiment is 

20 in the arrangement of the reflective color selective layer 
7 0 (at inside^the transparent^sutostrat^, and the reflective 
polarizing selective layer 73 may be arranged at the 
illumination device side of the transparent substrate 11B, 
because the adjustment of^ixels is not necessary. In 

25 FIG. 25, the thickness of / transparent substrates 11A, 
llp^re^the/(sources makingj the image/ unclear . That is, 
if the collimation of the light projected from the 
illumination device is not desirable, pixels of the 
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reflective color selective layer 70 and the liquid crystal 
layer 13 far e\ transmitted thro rt ugh different regions [each] 
/otherj, and A mixing^ (color) and [others^ are generated. In 
accordance with the (structure composed of as thejpresent 
embodiment , the influence of the thickness of the 
transparent substrate 11B can be eliminated, andjtclear 
image can be obtained even if the collimation of the 
illumination device 50 is not desirable. 

[The othe^/embodi^Br^_^f the liquid crystal display 
element 20 is (Indicated^ in FIG. 26. 

The same structure as fthe liquid crystal display 
element indicated iri^FIG. 18 was used' as the illumination 
device 50 . However , any of the other illumination devices 
(us ed^ hitherto can be used. 
15 The (different poxnts\f rom the embodiment indicated in 

FIG. 18 (Is^in the arrangement of the absorption type 
polarizing selective layer 14B between the transparent 
substrate 14 and the reflective color selective layer 70. 
The polarizer G1220DU made by Nitto Denko Co. was used 
20 as the absorption type polarizing selective layer 14B. 
In accordance with the present embodiment , cholesteric 
layers are used as the reflective color selective layer 
70 and the reflective polarizing selective layer 73 , and 
the polarization and the viewing angle dependence of the 
25 polarized light are inferior in comparison with the 
absorption type polarizer. Accordingly, by arranging 
the absorption type polarizer 14B on the reflective 
polarizing selective layer 73 and the reflective color 
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selective layer 7 0 , unnecessary polarized light from the 
layer 70 can be absorbed by the absorption type polarizer 
14B, and the polarized light characteristics of the 
transmitted light (ls^improved and the contrast ratio of 

5 the display can be improved. 

(The other)^embodiment of the liquid crystal display 
element 20 is (indicated^ in FIG. 27. 
^/ The same structure as /the liquid crystal display 
element ^Indicated inj^FIG. 26 was used as the illumination 

10 device 50 . However , any of the other illumination devices 
[usedlihitherto can be used. 

The different pointsjf rom the embodiment indicated in 
FIG. 26 |is)jin the arrangement of the absorption type 
polarizer 14B between the transparent substrate 11B and 

15 the reflective color selective layer 70. The polarizer 
G122 0DU made by Nitto Denko Co. was used as the absorption 
type polarizer 14B. In accordance with the present 
embodiment , cholesteric layers are used as the reflective 
color selective layer 70 and the reflective polarizing 

20 selective layer 73 , and the polarization and the viewing 
angle dependence of the polarized light are inferior in 
comparison with the absorption type polarizer. 
Accordingly , by arranging the; absorption type polarizer 
14B on the reflective polarizing selective layer 73 and 

25 the reflective color selective layer 70, unnecessary 
polarized light from the layer 70 can be absorbed by the 
absorption type polarizer 14B, and the polarized light 
characteristics of the transmitted light (Is}|improved and 
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the contrast ratio of the display can be improved. 
(Clearefi Aimage could be obtained in comparison with the 
^ase indicated) j|in FIG. 26. 

In accordance with the above embodiments/ {the)^w\ 
explanation was (per f ormed on the compos it iofuwherein the 
color filter, i.e. the absorption type color selective 
means, was eliminated. However, the color filters may 
be [arrangedjjin order to improve color purity. The color 
reproduction of the displayed color can be improved by 

(arranging the color filters. yj^JDij^ 

Another embodiment of the screen 10 [is]^ explained^"] 
hereinafter. 

An example of the characteristics of the screen 10 is 
indicated in FIG. 28 . In the previous embodiment, Lumisty 
made by Sumitomo Chemical Co. (can bejjused^as the uniaxial 
optical diffusion layer having projection 
characteristics as indicated /as\i302A in the lateral 
direction and as indicated^ ^s) 303A in the vertical 
direction^ as the screen l6[. In the present embodiment, 
a stripe shaped rod lens array (its pitch is approximately 
50 jum) as indicated in FIG. 29 was used as the screen 
10 D having an uniaxial scattering property. The 
illumination device 50 used in the present embodiment had 
a strong directivity of the light in the lateral direction, 
and| clear display having a wide viewing a^l^ could be 
realized by widening the projected lig^ht^by the screen 
10D operating as (theji uniaxial scattering layer after ^ 
transmitted through the liquid crystal layer 13- 
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Desirably, the absorber at/ pro jection side is arranged 
as indicated in FIG. 2-FIG. 4. 

Hitherto, the embodiments of the liquid crystal 
display devicesj us ingji illumination device having a hicjh 
uniaxial collimated light or collimation at all azimut^, 
screen broadening projected light at uniaxial or at all 
azimutlj|,j|ref lective polarizer , /light control element, and/ 
reflective color selective means ^ have been explained. 
Other (combination||of each of the above components /forj 
(application impossible. The display mode pf the liquid 
crystal is not restricted by the above embodiments . 

In accordance with the present invention, Jthe^liquid 
crystal display device having a wide viewing angle and 
a high efficiency of |th^ light utilization can be realized 
15 by using [the^ref lective, color selective means, polarizing 
selective means, flight control element^ and; screen. The 
optimum axial arrangement of the light control element 
and the polarizer, when the light control element is 
applied in order to improve the brightness at a normal 
20 angle, is defined. Improvement of the efficiency of the 
light utilization and of the brightness at a normal angle 
can be realized by using [th^/ waveguide^] which is capable 
of maintaining the polarization of the reflected light 
from the reflective polarizer and improving the 
25 directivity of the light. 

Although one of the objects of the present invention 
is to eliminate the absorption loss by the polarizer and 
color filters^ and/improve the efficiency of the light 
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utilization , the present invention can provide color 
liquid crystal display devices having a high display 
quality and a wide viewing angle even if the display is 
viewed from an oblique position by eliminating the 
deterioration of the display quality (unclearness ) caused 
by the thick|iess of the glass substrate, which has been 
a problem inj prior art, and deterioration of the display 
quality (decrease in contrast ratio, deterioration in 
displayed color) (in)j|an oblique angle. 

In accordance with (the composition of) the present 
invention, \the] liquid crystal display devices which can 
display with a wide viewing angle £>y)a lowjconsumingj power/) 
can be provided. 



